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Musicians . . . Producers . , . Engineers . . . the long wait Is over. 
Each of you can scon hear your finest sounds impeccably 
recorded by the word's linesl tape recording instrument. It's 
the one instrument many professional recordists decided long 
ago to wait lor. it «-lll De available in models from 2 to 16 
(or more) tracks. The Gauss 1400 is no redesigned, "beefed-up" 
version. It is designed — and built — from the ground up to 
record and reproduce the world's finest sounds again and again 
. . . flawlessly . . . impeccably. 

Production of the Gauss 1400 Studio Master Tape Recorder 
begins in June, 1970. Soon you'll be able to record your very 
own sound — consistently — on a Gauss 1400 almost everywhere 



in the world. Then, also, wherever you are, your sounds can be 
duplicated on magnetic tape on the Gauss 1200 32:1 ultra high 
speed duplicating system. 

It's the Standard of Excellence in Sound used by over 50 com- 
panies in 13 countries. Write for brochure. 



1649-53 12th street, santa monica. California 90404 u s. a. 
telephone: 2l3/451-t611 cable: gauss Santa monica 
a division o1 mca technology Inc. an mca inc company. 
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Coming 
Next 
Month 



• The world of motion picture sound is 
explored in two articles. 

Sidney Silver is represented with 
Synchronous Recording Techniques 
in which he discusses the various meth- 
ods of synchronizing sound to film. Vou 
will learn how to achieve the best results 
from current equipment. 

Optical SotJNo Track Processing 
by J. W. Dorner is based on a paper 
originally presented to the SMPTE. 
It looks to the preservation of sound 
r[iiality on the sound track as the lilm 
passes from generation to generation. 

IClectronic Video Recording — in 
Color is an updating of K. T. Canby's 
original db article on the CH.S ]'"\'R 
s\stem. With both hardware and soft- 
ware promised for this >ear, l''\'R is 
sure to be a major audio-visual medium. 

A picture gallery taken at the AES 
Convention just concluded in Holly- 
wood will show latest a|uipmcnt and 
scenes snapped at the show. 

And there will be our regular monthl>- 
columnists, George .Mexandrovicli, Xor- 
man H. Crowhurst, Martin Dickstcin, 
.Arnold Schwartz, and John Woram. 
coming in db 

The Sound I-nginecring Magazine. 



About 

the 
Cover 



• The NA13 Convention, represented 
this month with a picture gallery, cap- 
tured the imagination of our technical 
artist Irwin Handel. He has represented 
radio propagation, phono pickup and 
audio in his blue-on-white. 
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DYNAMIC! 




Model 
525 

COMPRESSOR- 
LIMITER 



• Switehabta Compraaiion and Limiting 
functions 

• C«iiing control tor 20 dB ol comprci- 
tlon or limiting 

• D«-Eis switch (Anti SIbilanee) 

• Four selectable release time ranges 

• Fast attack time 

• integral illuminated meter 

• In-Out switcli, Tliresliold and Output 
level controls 

• Frequency depen<lent release times 

• Low distortion, less than 0.5% 30 to 
20,000 Hz 

• Transformer coupled output to 
+24 dBm 

• Stereo interconnection 

• Utilizes Automated Processes 2520 
Op Amps 

• Panel mounting AVt" x SV*" 

Designed for individual channel use 
where quality, stability and ease of op- 
eration are of paramount Importance, 
the extreme flexibility, repeatable per- 
formance and stereo interconnect 
features of the Model 525 make it extra- 
ordinarily suited for aii studio applica- 
tions. 

The unique Ceiling control permits 
one knob control of compression or 
limiting in 2 dB steps over a 20 dB 
range while maintaining a constant out- 
put level. 

The four Release Times, D-S feature. 
Mode of Operation and In-Out functions 
are controlled by positive action push 
button switches that can be rapidly 
operated. 

Virtually all types of program mate- 
rial can be controlled with great con- 
sistency by the 525 without annoying 
side effects... DYNAIMICALLYl 



Lette 



rs 



^^^JiUfttiit Sfffttvtns*tHrixitm 

AUTOMATED PROCESSES. IMC 
CENTRAL DRPVE 
PAnUIMGDJlLE. N.V. ItTJS 
5ie-694-9£12 
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Our faces arc ml. In Ih? Lcllcrs 
toliimn of the /Ipri! issue. Ro^er 
K. Otloiii u-roir ill rrs/)i>iisf In an 
carlirr artide hy Allen P. Smilli. 
Mr. (Mom's rniployiiieiit tvas iii- 
airrcclly attrihuteil by lis. lie is 
ill fuel Ihe I'njiiiKvrinji wiiuager 
iif .Sparta Eleclronie Corporation 
of Sai'rameiito. California. 



'I'Ik' l-^diior: 

.■\s ;i iiiaiuifai'tiiror (if profc.-i.-^iniial 
aiidid C(|«iiiiiiu'iil wlui has atlondt'd 
iiiativ .AlCS ronvt'iiliDns I ha\c hi-i'ii 
iiuist imijrc.-^.-^i-d witii iIk- size ;,,ul 
at toiidaiuv of tlio iimjit n-ii'iil two held 
in .Xi'W ^'(^rk and l.iis AiiKcles. I I<iw- 
t'\'iT. tlic I'dSls I'luulvitl in ]>rc]iariiiK 
and cxhiliitiiiK at l\V(i show.s a yi'ar 
hi'idiiiinn (jin'ti- ninsidi'rahk- as iiotol 
and (ithrr cii.sis ;»() up. 

I hc llic)iij;ht has occurred tti iiie that 
tiic entire in<h]stry ronld l>e hetter 
ser\-ed if the show was iicld one \ear 
(in tlie west cciast and the foiiowini; 
year (in liie eas! coast. I?y alternatiiiR 
sites Ihe c(inventi(in cduld then attract 
iiKire luaiuifactiirers whd can ill al'fdrd 
the time and e.vpenses inv(il\-e<I in twd 
eery siniihir shdws in one \ ear. 

It would lie inierestiii); to hear fniiu 
others who feel that this is a real pnili- 
lein. 

.V.l.l//-; WITIililiLI) 

The l->litdr: 

Heinn cdustanl readers of your maga- 
zine we were pleased to iKile thai 
in your Jainiary issue, the article 
Docca's X'ieiuia Wiuie by julin lidrwick 
appearift. 

Iliiwewr. we did wish to tuake one 
amendment. While all the details an<l 
suliCdtitractdrs such as the echo plates 
liy IC.M r, the monitor speakers li\- 
Taiuioy, the jiower amplifiers liy (Jua(i. 
the nnerophones liy .Veuinann and 
'i. aiui the tape machines liy .Studcr. 
were nu-ntioned. no nientioii was made 
that the ciinlriil s\ slein and the control i 
desk. respecti\ely (which are the heart 
of the system), were deslKiKil. Iiuilt. 
and iiistalk-d liy our firm. This is the 
more renreltalile to us since it was our I 
fi rnt. in clo.se liason work with the repre- i 
sentativ es of I )ecca. in jiarticular .Mr. | 
I'arrv and .Mr. Hrowii, estalilished this | 
svstem. .-\t that time the name of our I 
lirtu was W iener .Sclnvachstromwcrkc 
C.MIill (W.SW). KiTective Octolier 1st. 
1W> the name has lieen cIianKe<l to 
.Xachrichtentechnische Werke AC. (now 
cdiitracted to .\T\\"). 

.\afliri(litenterliiiisilir ]\'erke AC 

A /wi.s7f/^(j,wc 12 

A -KIM \'ienna. Austria 
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''High quality pressings 
begin wit It quiet lacquer masters"— 

John Eargle, Chief Engineer of Mercury Records. 

"We should never forget the impact that a low-distortion, low-noise 
master tape can have on the sound of a well made pressing. 
Recent studies" have shown that pressings benefit from the use 
of the Dolby System even under the ideal conditions of cutting 
master lacquers from original low-noise tapes. Under more usual 
conditions the cutting is done from tapes once and even twice 
removed from the original, and in these cases the benefits of 
noise reduction are all the more apparent." 



'John M. Eargle, "Perormanca Characteristics ol the Commercial Stereo Disc," J. Audio ing. Soc. 17, 416 (1969). 




Write for full technical details and advice on how the Dolby 
System can be of value in your own professional audio recording 

or transmission application. 



□□□□LBY LABORATORIES INC 

333 Avenue of the Americas NewYorIc N Y 10014 
telephone (212) 243-2525 cables Dolbylabs New York 



for international inquiries. 



346 Clapham Road London S W 9 England 
telephone 01 -720 1111 cables Dolbylabs London 



Contact us for the name 
and address of your 
nearest professional 
Dolby System dealer. 
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MODEL B-12-H 

ATA 

REALISTIC 
PRICE!! 



Model B-12-h 



Now jfou can have the wcrtd 
famous B-12-li instant start, 
professional turntable with 
Synchronous motor, mini- 
muiti rumble (— 3Qdb} ard 
rugged, reliable perform- 
ance!! r^eed we say more? 

REK-O-KUT 

l!E<e NOHrN SIER*!^ VISTA. FRESNO. 
CALIFORNIA 9370 5 . PhOnc- 209 ?5] 

CCA ELECTnOMlCfi dO^P. 

rifi JEHSffV AiCENUE GLOUCESTER CiTV. 
NFW JEPTSFT imtlta ■ Phnrti. 509 J 56 U 16 
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The Audio 
Engineer's Handbook 



GEORGE ALEXANDROVICH 



• This liniL' I sliiill make good on my 
]iri)iiiise to iliscuss activt; filters as 
applied to modern solid-state circitits. 

Classical circuits and their deriva- 
tion can and sliould be viewed as a 
science all by themselves. If >oii wish 
to study filler design consult books by 
authors such as Hcssel, Huttcrworth 
or Cliehyclu'v. iMy poal is to familiarize 
vou with ready-designed circuits that 
are easy to a]»])l\- to almost an\- existing 
svstem. \'o\t will notice that circuits 
mentioned will not use any imhtrtors; 
this is the major expense when con- 
structing fillers or eciualizers. The cir- 
cuits to be tlescribed will be of mixed 
variety rejiresenlin}; active circuits with 
baiulstop or bandjxiss pro])erties. 

The first circuit is designed around an 
operational an)i)lifier or any other ampli- 
fier ajiproaching the ideal amplifier 
characteristics. This nieans that the 
amplifier should lia\e high input im- 
]»edance, low output in)pe<lance, Hat 
frequency res]>onse from d.r. to r,f., 
minimal phase shift, hi^h oiK'ii loop 
gain, and \ er>' low noise. 

The circuit in the Figure 1 is tlie 
low-]>ass circuit, while reci]>rocal func- 
tion exists in the circuit shown in 
r'icL'KE 2. In both cases the same am])li- 
fier is used. In order to figure the values 
of the components for Kigi-rr 1. the 
followiiif; formula should be used. 

' K.t!, ' K.S.'c where iJc = 2Tf 

I being cut off fre(|lieiu y 
R can lie scltcled 

I"or Desired hi|)iil hupedance 

The circuit in Figure 2 is a high-pass 
filter and its values can be determined 
using following formulae: 



l<i=- 



2 s V X iU 



\<, = - 



1 



0.5 .\ C X lU 



where SJc = 2jrf 

and f is cutotT freijuency 

Both circuits can be used one after 
another and depending on the cutotY 



o — vw- 



Cl 



:C2 



Figure 1. A low-pass filter circuit. 




Figure 2. The reciprocal function of the 
circuit shown in Figure 1 . 



LEVEL 



CkT *2 
HIGH PASS 



CKT #1 
LOW PASS 



f 

Figure 3. The circuit action of Figure 1. 
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CKT#| 
LOW PASS 



CkT #2 
HIGH PASS 




Figure 4. The circuit action of Figure S. 



Rl 



^ l^c ^^c ^^ c 

■R2 



INPUTo- 



R3 




Figure 5, A notch-filter circuit using an 
operational amplifier. 
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AKG 



C-451E 

Microphone 
System 



the 

common-sense 
approach to 
phantom 
powering. 



Just one or 
two resistors! 

Simple, isn't it? 



411 




• No AC power supplies required 

• No DC power supplies 

• No "central" power supplies 

• No special "cards" 

• Operates off any DC voltage between 
7.5 and 52v (including the standard 
24v available in most equipment). 

• Stabilizes its own operating voltage, 
to maintain constant output level. 

• Optimum polarization voltage, 
for best signal-to-noise ratio. 



MICROPHON ES' HEADPHONES 

O'STFUEiuTCQ Br 

NORTH AMERICAN PHILIPS CORPORATION 

100 tAST 42n(J STREET. NEW yORK. nEw vOrk toOi7 
AKC CANADA . DIVISION OF DOUBLE DIAMOND £L£CTRONICS • SCARBOROUGH. ONTARIO 



THE 
SIMPLICITY 
01 

SIMPLEXING 

The AKG C-451E may be powered at the 
cost of one or two precision resistors: No 
separate AC or DC power supplies re- 
quired nor special "cards" or "central" 
power supplies at additional cost. 
The microphone preamplifier requires as 
little as 7.5v DC and may be operated 
directly off the standard 24v B+ supply 
available in your equipment (or any other 
voltage between 7.5 and 52v). The cur- 
rent consumption is only 2.8 mA 

Other features 

unique with the AKG system are: 

A) Stabilized operating voltage: The DC 
supply voltage to the microphone Is not 
required to be particularly well regulated 
nor Is It rigidly tied to a specific voltage. 
In fact, it may vary by ± 15% since the 
C-451E preamplifier will stabiiize the 
operating voltage. There is no limit to 
the number of microphones to be pow- 
ered off your console. 

B) Constant 60 volts polarization volt- 
age: 60 volts is the optimum polarization 
voltage for highest performance stand- 
ards, specifically sensitivity; resulting In 
more gain without Increase In noise level- 
and better signal to nolse ratio. The 
C-451E supply voltage is not simultane- 
ously the polarization voltage (too low). 
The microphone preamplifier provides a 
constant 60 volts polarization voltage 
and fluctuation in the supply voltage will 
not change the output level of the 
microphone. 

There are no short cuts In the AKG 
C-451E circuitry! 

HOW DOES IT SOUND? 

Interestingly enough, its pick up charac- 
teristics are being compared to the qual- 
ity previously obtained only with large 
diaphragm condenser microphones. 
The newly developed CK-1 capsule incor- 
porates a metallic alloy diaphragm (simi- 
lar to the diaphragm material used In 
measuring microphones) and is abso- 
lutely smooth between 30-18,000 Hz 
with unequaled transient response char- 
acteristics and wide dynamic range. 
The polar pattern is a true cardioid at all 
frequencies with linear off-axis accep- 
tance and a front-to-back discrimination 
of 20-30 dB over the entire range. 
Last, but not least, a practical and eco- 
nomic modular design permits you to 
choose from a variety of interchangeable 
capsules with different response charac- 
teristics and polar pattern (cardioid, 
omni directional, figure-eight and shot 
gun tube). 

AKG 

OFFERS A CHOICE - 
NOT A STANDARD 

Write for complete technical data. 
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Figure 6. A nomosraph For the selection of 
component values for frequency usins tlie 
circuit of Figure 5. 



fo HERTZ 



+ I8V 
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-I000_ 



- 100 



- 10 
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i 




o OUTPUT 



Figure 7. Tills circuit will produce fairly 
sharp low-frequency cutoff points. 



freiiiieiicifs am \k used in ciiluT nar- 
rowiiin llu' frf(]iK'iu \- l)aii(l hoiiin active 
on i)(>th sides of the speciruin or as a 
1)antl-slo|) tilliT liavinj; ovi-rlapinn fnnc- 
tions. 

H\- flianniiin ihi' iiiliilT fre(iiioiir\- 
IHiints of cither of the tiller circuits in 
I- iiii RK 3 or 4. level at f, can Ik- saried. 
It can he seen that the circuit in I'igckis 
1 lends itself to adjustment more 
readily than the circuit in Fic.fRK 2. 
UsinK a KUDKeci rheostat ()r jxitenti*)- 
nieter jK-rniits both resistors to he 
varied, ehanKiiiH the cntolT fre(niency. 

There is one more interesting and 
fairh- simple notch filter circuit (see 
Ficji RK -S) usiiin an operatii>nal anipli- 
lier. It can he ver\- useful in designing 
of en\ironn>ental ecpializers, taking 
out sharp response peaks. Selection of 
the coniix)nent \alLies for the ])ar- 
ticiilar fre«|uenc\' is accomplished hy 
using the precalculated iioini)grai>h of 
I'locKB 6. Ka resistor is selected to 
pnxluce zero offset voltage at the 
input of the anipliher. K-i is selected to 
I^roduce zero jihase shift at the center 
fre(|ucne\- and is equal to l/12lh of Ri, 
The center frecpiencx" is f = \f 3/(2 , R iC) 

An example on the nomograph shows 
the resonant or center freipiency of lOOO 
H/.. From the graph. has to he 220 
ohms. Rl should he 2400 ohms and the 
capacit<)rs should he 0.1 ^il" each. The 
advantage of this circuit is thai it 
has vcpi' high y, especialK- at the low 
fre(piencies where it is desirable to 
eliminate large and costK' inductors. 

One more circuit jtrcxlucing fairK' 
sharp low-frecjiicncy cutoff using three 
transistors is useful in svsteins where 



low-fn'(|uenry rumble noise or reson- 
ances would prixluce tinwantwl colora- 
tion of the signal. This circuit can be 
usi-d in sound reinforcement aniplitiers, 
turntable preanips, and other com- 
munication circuits. The circuit of 
Fi(ii'Ki-: 7 uses a three gang variable 
potentiometer or rheostat. This en- 
ables shifting of the cutoff jjoint over 
the considerable frccpiency range, if 
this is not desired, then li.xetl resistors 
can be substituted. This circuit rolls off 
the res]x>nse at appro.xiniately 16-18dM 
per octa\T. Fretjuency of the cutoff 
IMiint is found from the equation; 

The only disadxantage of this cir- 
cuit is that it re[|iiires a split i)ower 
sui)ply. However, if one considers the 
advantage of not newling all these 
inductors and the ahilit\- to choose the 
roUoff fre(|uency, a<lvantages outweigh 
the inconvenience of a split power 
source. 

The abox'c mentioned circuits are 
oiih- a sam])le of what can be done 
using active filters. Fast develoimient of 
microcircuit technology will enable us 
to prettv soon start using some of 
the packaging technicpies used in com- 
puters. .Serious ciTorts to develop cir- 
<-uits packageable onto a single chip 
are beginning to bear fruits, .Although 
not all electronic elements can be 
achieved in monolithic circuits, but 
almost all electronic functions can be 
reproduced. With a minimal munbcr of 
external coni]M)nents LSI (large-scale 
integration) devices can work as com- 
plete systems, ^'ou can have radio 
circuits, computers, amplifiers, clocks. 



calculators ami thous;inds of other cir- 
cuits packagefl on a single chi]). Tlie 
da\- will come when one can purchase 
the complete environmental etpializer, 
perha])s with self-seeking peak com- 
pensiUor circuits and automatic gain 
controls to take adxantage of every bit 
of a\ailable dynamic range and adjust 
the reproduce levels for optimum per- 
formance. 

1 can't resist the teni])tation to 
mention one more simple tunable twin 




Figure 8. A twin T filler configuralion. 
* = AR where 
2 



A = factor and t\i = 



RC V1-A2. 



T filter. I have recenth- come across. It 
can be seen in FicfKE 8. If the |)otenti- 
ometer is set so that the slider is down A 
becomes 0 in the formtda of the figure. 
.•\s a consequence, 0^= I where R is 
RC 

in ohms and C is in farads. ■ 
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7th 



consecutiv#l 
year 

as the 
hottest 

headphone 



going! 

KOSS 
PR0-4A 

STEREOPHONES 
$50.00 



KOSS ELECTRONICS INC. 

2227 North 31st Street 
Milwaukee, Wisconsin 53208 
KOSS ELECTRONICS S.r.l. 
Via Valtorta, 21 
20136 Milano, Italia 
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The 
Feedback Loop 



ARNOLD SCHWARTZ 



• What is tlu- upper fre(niiMii-y limit 
of the disc rt'coniiii);-])iayi)aik system? 
Can tile hamtw idtli !« extoiuii-ti beyond 
present liniilatioiis? Tiiese (iiiestions 
may iiave added signiticance if foiir- 
ciianiiel stereo graduates from tiie ex- 
perimental state. Ill tiiat event, disc 
recording will iiave to be de\-eio|H'(l to 
accommodate four channels instead of 
the present twt). One possible way of 
adfliiig the two additional channels in- 
volves increasing the record ])layback 
system bandwidth. I would like to dis- 
cuss the basic ])rinci]jles underhing the 
present bandwidth limitations, and try 
to predict how it ma>- be extetule<i. 

In any discussion of bandwidth we 
can sa\' that virtually all purely elec- 
tronic devices either have been, or can 
I)e ilesigned with a higher upper fre- 
quency limit than totlay's nominal 



FAIRCHILD'S 

PRECISION 

MAKES 57 OF THE: 

WORLD'S FINEST 

PROFESSIONAL 

AUDIO I 

COMPONENTS ' 

. . . Falrchild's complete 
Series of Attenuators: 10 
models with new 
packaging plus Slide Wire 
Fader /The Integra I , 
Series: an automatic 
Attenuator, 3 ' 
Preamplifiers, 3 
Compressors, 3 Program 
Equalizers, 4 Dynaiizers, 
De-Esser/692 Remote 
Card Series: over 12 
inputs with extensive i 
switching capacity / I 
Integrated Control 
Module Series: Input- 
Output-Monitor Modules/ 
7 Audio Control Devices 
including the well known 
Conax, Limiter and 
Reverbertron Systems / 
2 Gain Shifter Intercom 
Systems / 7 Power 
Supply Models / over 24 
Accessories. Contact 
your Fairchild Distributor 
or write FAIRCHILD 

SOUND EQUIPMENT 

CORPORATION 

Dept. BM/E-6 10-40 46th Avenue 
Long Island City, N.Y. 11101 
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20 kHz. Disc-recording lumdwidth is 
limited, however, by the electro-me- 
chanical and mechanical devices found 
in the recunl/pla\ back chain, liroadly 
speaking, there are two t\pes of hand- 
width limitations. One category, to be 
discussed this month, relates to the fre- 
quency resiKjnse of the individual de- 
vices. A second category, to be discussed 
next month, relates to Uisic geometry 
and wavelength considerations. Hand- 
width limitations due to the limitations 
of fre<iuenc\' resjionse are more familiar 
than thoFe due to system getmictry. 
Very often both t^ pes {)f limitations are 
confused and talkeil ab<»nt interchange- 
abK when, in fact, important distinc- 
tions must be kept in mind. 

I.et us take a look at the electro- 
mechanical and mechanical dex ices us<'d 
in the recording and pla> back of a disc, 
and see what the fre(pienc\- response 
of each one is. and if this resixinse can 
be impro\ ed. 

RECORDING HEAD 

The best present-day stereophonic re- 
cording heads can res[K)nd to about 20 
kHz. This is ade(|Uate for jiresent-da) 
records. An immediate alternative, al- 
though with some drawbacks, for ex- 
teiitling the frequenc)' response would 
be to record at half speitl (or two- 
ihird-s speed depending upon the band- 
width extension). All current electronic 
equipment coidd be used but some 
modilicatinns would have to be made 
both to the tape recorder pla\back 
ecpializalion, and to the RIAA record- 
ing characteristic. In the long run it 
:nay be ])i>ssible to design recording 
heads with increasi-d bandwidth, de- 
sigiUHl to o|)erate at normal spee<l, 

RECORDING STYLUS 

At my conii)any ( Micro-I'oint) we have 
designitl our recording stylus so that 
there is no restriction of the cutter-head 
frequenc\ resixnise. We have also de- 
signed, and, if the need arises, will be 
able to manufacture reconling st\li 
capable of cutting records with at least 
twice the present iKindwidth, 

PHONOGRAPH CARTRIDGE 

The tyjiical high-tiualit\' cartridge has 



an upiier frequency limit of about 15 to 
20 kHz. In the March I'iucdhack Loop 
there was a detailed discussion of the 
factors that atTect the iqiper freinienc>' 
limit. Regrettably, Miller's forintda for 
the fre<iucncy resjxjnse (II) of the 
cartridge, essential to that discussion, 
was omitted because of a typographical 
error. .Since the subject comes iq) again, 
I'll take the opiT<jrtiinit\- of putting 
down the formula again. 



1 



whore f„ = Ud'.K' 

> Ml L _l 



iu(2irf„) 



fo — styhift-Kroove resonance frequency 

ni = mass at stylus tip 

r = mechanical resistance at stylus tip 

t = damping farlor 

R 1 = Tip radius 

li = nioihihis of elasti 'it\ of record mate- 
rial 

l", = tracking; force 
K = constant 

By analyzing the ecpiation and plot- 
ting res|)onses of typical cartridges, we 
do know that the upjier fre(|uency limit 
is about one-half octave above the 
stylus-groove resonance, f,,. I low can we 
increase the cartridge upper frequency 
limit? As we slateti in March, increasing 
the tij) railius or the tracking force to 
increase fo would be counterprixluctive 
to other performance characteristics. 
This leaves us with the miKlidus of 
elasticity (that is slilfness) of the 
record material, and the mass at the tip. 
Increasing the stilTness of the record 
material to raise the stylus-groove 
resonance frecpienc)- means tinding a 
material that has all the desirable 
characteristics of vinyl but with a sig- 
nificantly higher modulus of elasticity. 
'I'his is a tall order when we consider 
such things as low miise, ease in molding, 
tlurability, stability — all at a i)rice 
conq)etitive with viii\l. If such a 
material were introduced, all cartridges 
would experience a proiiortional in- 
crease in fre<pienc\- res])onse. Thus, 
changing the record material is an 
attractive, although very dilTicidt, solu- 
tion if it were necessary to increase the 
bandwidth. 

Decreasing stylus mass at the tip is 
the other alternative to increasing f^. .\t 
least one current cartridge has a re- 
sponse to be\ond M) kHz. which means 
tliat the effective mass at the tip for 
this particular cartridge is about one- 
fourtli of that foimd in many current 
high t|ualil\- cartridges. If there was a 
need for extending the frciiuency re- 
siwnse, other cartritlge manufacturers 
would probably follow suit. ■ 
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The CBS Laboratories' Dynamic Presence Equal- 
izer solves these and other problems — enhances 
the presence of your broadcast signal — gives your 
station more punch and penetrating sound. 

Speech programming frequently lacks presence 
due to inadequate amplitude of speech consonants 
caused by such factors as poor mike technique, in- 
correct equalization or excessive recording levels. 
The results — boomy signal and poor intelligibility. 




PRE6EMCE 




The Dynamic Presence Equalizer analyzes the 
spectral balance of the program to determine the 
proportion of energy falling in the presence band of 
2 to 4 kiloHertz. This proportion is then compared 
against a predetermined value and the amplitude of 
the presence band is then boosted as required until 
the optimum proportion is reached. 

Try the Dynamic Presence Equalizer — absolute- 
ly FREE for 30 days. Prove to yourself that it solves 
your problems. 

Write or call collect: (203) 327-2000 

PROFESSIONAL PRODUCTS ^ 

CBS LABORATORIES I 

A Division of Columbia Broadcasting Syslem, Inc. 
227 High Ridge Road, 
Stamford, Connecticut 06905 ^ 
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Theory and Practice 



NORMAN H. CROWHURST 



• Till' postal strike and Ai)ril 15 hiith 
came and wont lii-fiiri' you li-arnod, in 
tlio delayed March issue, about iny 
prohlenis witii the IRS. Reading my 
Declaration evokctl <|Utte varied re- 
si)onses, retlectiii); even further on 
tlieor\- and ])ractice in America tiKlay. 

One man told iiie that when the 
iiiiisratioii authorities lin^terprinted iis. 
iliat ideiitilied us as critiiinals. a fact we 
should have accei)ted when 1 was de- 
nied securit)' clearance. .Xow. he s;iid. 
if I would just <|uit niy dictatorial ideas 
and learn alxmt democracy, every- 
thiiiR would he all right. A toii);iie-in- 
cheek letter, maybe? .\o. he also "in- 
formed" the Comity DA. urging him 
to take action against us! 

However, the niajciritx- of responses 
indicated a feeling of shame, that our 
Country's agents should so far forget 
its Constitution as to treat ns this way. 
and admired us for our courage in 
taking such a stand. A few spoke of the 
imiKjssibility of lighting the system, 
suggested we should give up the 
struggle, go on welfare and live it up. 
K\er tried to live it up on welfare 
checks? 

With the exception of the man who 
thinks only criminals are tiiigerprinted, 
and thus all foreigners are criminals 
and/or dictators, everyone who recom- 
mended compliance also rejected com- 
pletely the practicality of priMci])le. 



What hap]K-neil to the Declaration of 
Independence — .\ document of prin- 
ciple, if ever there was! 

Whenever someone says we have 
courage, my retro.spective view tells 
me we really had no choice: we were 
forced into it. But were we? We did have 
an alternative: to do something or to do 
nothing. 

As we Could n<»t pay, aiul we refused 
to take up crime, we could have done 
nothing but wait for them to "come and 
get us." What defense woidd that be? 
We must do something, in si'lf-defeiise. 
to prove we arc neither delintjucnt nor 
evasive. It was not easy. That docu- 
ment was compile<l. revised, let sit. 
revised again, let sit again, before we 
tinalK tiled it on February 18. 

Many ask if I recommend ever\'one to 
refuse |Ki\ ing taxes. My answer is the 
sjinie as that I give to those who ask if 
1 think everyone should take the s;ime 
religious [XKsitioii I do: this [losition 
is what my conscience, in my circum- 
stances, demands. My conscience doe.-? 
not <lemand that I refuse to pay taxes 
because of the Country's invoKement 
in \'ietnam, although I respect those 
whose conscience <loes thus object. 
However my conscience does not allow 
me to [Kirticipate willingly in fraud or 
any other criminal activity. When 
it was made impossible for me, due to 
circumstances peculiar to a situation 



the government has iniix)3ed to me, to 
pay honestly, 1 took a long hard look 
at what I had gotten into. 

"But," my ])ragmatist friends will 
say — and this botheri-d me, too — "What 
would happen if nobody p:iid taxes?" 
Does asking that <|uestio:i ju.^tify IRS 
]iressuring me (or anyone else) into some 
form of criminal acli\it\ ? The Consti- 
tution provides ade(iuate means for 
maintaining a just government. Did you 
imagine that Coiigre.ss and government 
emplovees worked for nothing before 
l<)|.??' 

But back to technical matters. The 
circuit shown last month, to provifle 
j)rotection against over-dissipation, as 
well as o\er-current (repeated here at 
Fi<;i;re 1) is not quite ideal. either 
conducts, charging ca|Kicitor C to shut 
otT the audio, or it does not, according 
to the zener voltage of the diode. The 
over-heating caused b\- dissipation, 
results from voltage, current, and time. 

.■\ momentary excess of dissipation- 
say for a millisecond — will not damage 
the transistor, because heat docs not 
have time to raise temperature to the 
danger point. On the other hand, the 
same dissijiation continued for an 
appreciable fraction of a second could 
<le.slroy the tran.sistor. 

This means that liiiding the right 
zener voltage for the diode poses a 
problem. If it is low enough to protect 
against the continued dissipation, it 
will trip the circuit out of action on 
momentary peaks that really jiose no 
danger. On the other hand, if it is high 
enough lo allow safe momentary i>eaks. 
one of longer duration could blow a 
transistor. 

This leads to the more satisfactory 
circuit of I'touRii 2. Here Rl and CI, 
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Figure 1. The circuit developed in the i»tt di$cu$slon, reproduced 
as a beginning point For this one. 



-40 V 



Figure 2. The changes shown here (principally the addition of C1) 
enable the circuit to be flexible in its tripping point, so it can accom- 
modate short or long over-dissipation threats equally well. 
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By Hirsch-Houck Laboratories 



REVOX A77 
TAPE RECORDER 



• ll IS a pleasure to report that the widely acclaimed, 
but no longer available, Revox G-}6 Mk III tape recorder 
has actually been surpassed in performance by Revox s new- 
Model A77. The A77 lias fully solid-stale electronics, a 
bias-oscillator frequency of 120 kHz (as opposed to 70 
kHz for the G-J6), and a new electronic motor-speed con- 
trol. The A77 model we tested is a three-motor, four-track, 
two-specj recorder; however, it is substantially lighter and 
smaller than its predecessor. 

The Revox A77 has its operating controls grouped into 
separate recording and playback areas. On the playback 
side are two rotary switches with concentric knobs. One 
switch establishes the playback mode — stereo, either chan- 
nel through both outputs, or both channels combined for 
mono. Playback level is controlled by the concentric knob. 
The other switch connects either the signal input or the out- 
put of the playback amplifiers to the output jacks in the 
rear. Two playback-equalization characteristics are pro- 
vided; NAB or IEC (for European tape recordings). The 
recording ci|ualization is to the NAB standards. The knob 
concentric with this switch is a playback channel-balance 
control. 

On the right side of the recorder panel are two VI' 
meters with real VL'-meter characteristics. Adjacent to each 
is a red button of the push-on, push-off type. Depressing 
either channel s button alone records both inputs on that 
channel. If both buttons are depressed, a stereo recording is 
made. These supplement a record-interlock button, provid- 
ing a double safety against accidental tape erasure. Record- 
ing levels may be set up before the tape is put into motion. 
When the recorder is in operation in the recording mode, 
the selected channel's VU meter (or meters) is illuminated. 

I nder each meter is a recording input-selector Switch, 
with a concentric recording-level control. There are inputs 
for high- and low-impedance microphones (with front- 
panel jacks in parallel with rear phono connectors), radio 
(via a rear DIN connector), and auxiliary inputs with 
connectors in the rear. In addition, each switch has a posi- 
tion for recording the output of that channel combined 
with any additional source onto the other channel. 

The transport mechanism is operated by a row of five 
pushbuttons, activating solenoids to control fast speeds, 
stop, play, and recording. A connector in the rear permits 
the use of an accessory remote-control unit for these func- 
tions. The tape speeds (71/2 and iVt ips) are selected by 1 
switch tliat also controls a.c. power to the recorder. Each 
speed setting has two switch positions that set the tape 
tension to optimum values for lO'.'2-inch or smaller reels- 
The servo-controlled drive system of the Revox A77 is 
unique and effective. The tape-drive capstan is powered by 
an eddy-current inot(..r that delivers a high torque, free of 
the pulsations that are inevitable with any motor having 
a pole structure. The speed of this motor can he adjusted 
by varying a d.c. control voltage, with relatively little 
torque variation. The motor has a built-in tone generator 
that products an a.c. signal whose frequency is proportional 
to motor speed. This signal is amplified, limited, and ap- 
plied to a discriminator, whose d.c. output is proportional 
to speed. This is further amplified and used to correct the 
motor speed. The change between 7V2 and 3V1 ips is ac- 
complished electronically by shifting the resonant fre- 
quency of the discriminator circuit. The chief advantages 



REVOX 

DEUVERS WHAT ALLTHE REST 
ONLY PROMISE 



of this technique are independence from power-line voltage 
and frequency variations, as well as reduced flutter. Flutter 
of the A77 motor is inherently so low that the Capstan can 
be driven directly from the motor shaft instead of through 
a separate belt-driven flywheel. According to the manu- 
facturer, line voltage fluctuations of ±20 per cent cause a 
speed change of only ±0.05 per cent, and a change in the 
a.c.-lme frequency of 50 to 60 Hr causes a speed change 
of less than 0-05 per cent. Thus, the Revox A77 is a truly 
universal machine, capable of operating from 110 volts to 
2-10 volts, 50 to 60 Hz, by adjustment of a switch in the 
rear of the recorder. 

When the full-width head cover is Swung down, two 
more pushbuttons are revealed. One cuts off the signal to 
external speakers, and the other switches off the power to 
the reel motors. This Is for convenience in editing. When 
the reel motors are turned off, and the recorder placed in a 
fast-speed mode, the reels may be turned by hand with the 
tape in contact with the playback head. At the desired 
point, the tape may be lifted from the heads and placed in 
the tape splicing guide which is molded into the fixed por- 
tion of the head cover. The only problem with this ar- 
rangement is the possibility that one m.iy spill tape by 
forgetting to turn on the reel motors beiorc placing the 
machine back into normal operation. 

We stated that the A77 surpassed the older G-}6 in 
performance. This is best illustrated by its phenomenally 
flat record playback frequency response, measured with 
■Scotch 21)3 tape, for which the machine's bias was adjusted . 
At 7Vi ips, the response was within -j-0.5. —2.0 dB from 
20 t" 2i>.lmii Hz. Hiis has never been equalled bx_anyjjther 
recorder w'e have tested. Perhaps even more inipressivcj s 
the response at iY, ips, which was +2.5, —5.5 db from 20 
to 20,000 Hz. The high end falls off smcothly and is per- 
fectly usable all the way to 20,000 Hz. The NAB playback 
response, with the Ampex 31321-04 test tape, was +1,5, 
-0.5 dB from 50 to 15,000 Hz. 

The signal-to-noise ratio was very good, 51 dB at 7VS 
ips and 48.5 dB at 3'/i ips, referred to a 0-VU recording 
level. Noting that the distortion at 0 VU was a mere 0,65 
per cent, we increased the recording level until the distor- 
tion reached approximately 3 per cent, which occurred at 
+ 10 VU for the higher tape speed and +9 VU for the 
lower speed. At these levels, the sicnal to noise ratio was 
59 dB at 7'/? ips and 54.5 dB at 3^1 ips, figures that close- 
ly approach true professional performance. 

The transport worked Smoothly and with complete si- 
lence. Except for the turning of the reels, one could not tell 
the machine was operating from a distance greater than 
about 12 inches- Wow was O.Ot per cent (actually the 
residual inherent in our mstruments) and flutter was 0.09 
per cent at iYi ips and 0.07 per cent at 7V2 ips. In fast 
speeds, 1,800 feet of tape was handled in about 90 seconds, 
and the machine could be brought to a stop in about 2 
seconds. 

The Revox A77 is housed in a teak cabinet with a fold- 
away carrying handle. It is one of the hardsoniest. as w-el l 
as best performing, tape "recorders we have seen- W e have 
never seen a recorder that could match liie performance of 
the Rcvi»x A77 in all respects, and very few that even come 
close. It Sounds as good as it tests, which speaks for itself. 
The Revox A77 is offered in a variety of configurations. It 
is available with either half- or quarter-track heads, in 
either the teak cabinet or a portable carrying case. The 
price of the deck in a wood base is $569; the deck with 
built-in power amplifiers is S599- 
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Revox Corporation, 212 Mineola Avenue, Roslyn Heights, N-Y. 11577 / 1721 N-Highland Avenue, Hollywood, Calif. 90028 
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Figure 3. A completed circuit, with typical values inserted, to cater For Full protection of 
both sets oF output transistors. 



fecxliiig tlif zciicr liiodc, duplicate the 
lieat-up time constant of the transistor, 
in tile dissiiKitioii range invcilved. 'I'lie 
zener \-()ltane allows tiie circuit to trip 
wiien the dissipation, sustained for more 
than a moment, woidd he dangerous. 
But the siinie dissipation for a very 
siiort iiurst hIII not charge CI to the 
zener voltage. Houe\'er, if the shorter 
burst carries enough dissipation to he 
dangerous, it will. 

CI, with its ass<KMate(i resistors, pro- 
duces a time constant designed to hold 
the audio off for long eno.igh to allow 
the already heated transistors to cool 
to the (wint where they will again be 
safe to risk applying the over-dissi lo- 
tion that caused tripping. If the danger 
is still there, the circuit will trip out 
again. 

One weakness with this circuit is 
that it will only trip if the voltage/ 
current conihinatioii on Q\. y3 repre- 
sents dangerously high dissijiation. Q2, 
Q4 are protected against over-current, 
but not against associati-d over-voltage. 
Figure 3 shows a circuit that pro\ ides 
an additional sensing arrangement so 
both are eijually protected. 

Transistors Ql through Q8 serve 
the siinie purposes designated earlier. 
QIO and (J\ 1 combine injjut with feed- 
back, to drive 05. [}M dujilicatos the 
function of QH, for the other lialf of the 
output, also triggering the voltage on 
C2. Diotles 1)6 and 1)7 prevent C"1 and 
C3 (which duplicates ("1 function for 



the other half) from being discharged 
imnecessarily on repetitive peaks that 
could prove dangerous. 1)8 and D9 
are the zcncrs. 



Now there remains a problem in 
providing the clamp to kill tlie audio. 
In FiGL KE 2, signal is shown as clamped 
to ground (b\' OO), from a |x)sitive 
signal direction, because a positive- 
going signal is what will cause trouble 
in (Jl, O.?. The .siuue clamp will not work 
for negati\ e-going signal, to protect 02, 
04. In fact, unless the emitter-base 
zener voltage of (J9 is adeiiuale to 
acconunodate negative-going voltages, 
the\- will be cli|)ped b>- it, dangerous or 
not. 

The circuit needs a two-way clamp, 
that brings signal voltage down to 
ground, from whiche\er direction it 
monientarily happens to be. Such a 
circuit is shown in Figure 4. Kacii 
clamp is pre\ented from clipping or 
conducting in the op|H)site direction by 
a diode in series with its collector. 

The positive-going clamp, Q9, is 
direct-acting, as before. The negati\e- 
goiiig clamp, ()14, uses a phase-in\er- 
sion with a transistor, connected 
as emitter-follower to inject clamp 
current into (J4's emitter, instead of 
the base of the clamp transistor as at 
O'). 

One more |x)ssibility may need safe- 
guarding. The circuits so far presented 
])rovide protection against too nmcli 
current or voltage, in the normal direc- 
tions. Xornially, each transistor con- 
trols current llow and corresponding 
voltage drop, in its formal operative 
direction. Hut if the load is reactive, 
current in the usual direction can 
produce voltage kicks that e.xceed the 



This is the old 

EMT-140st 
Reverberation Unit. 



This is the 
new one. 





What's the difference? 

We've made the amplifier unit solid state. And you can now obtain an inexpensive 
decay period remote controller. 

Nothing else has changed in this superb unit. The EMT-140st Is still the world 
standard in the recording and broadcasting industries. Its renowned steel plate 
device gives you the same unmatched stereo/mono performance. And increased 
fringe area reception for AM broadcasts. And unusual flexibility— its decay period 
can be varied from 0.5 to 5.0 seconds, (Try that with an echo chamber!) 

These are just a few of the reasons why every major record company and in- 
dependent recording studio owns at least one EMT-140st Reverberation Unit. Right 
now, more than 1000 are in use from coast-to-coast; more than 2000 throughout 
the world. 

For the complete story, write to- |__| _^^"v^ |S!?*| 

dayforourfree8-pagebrochure.lt audio corporation 
can make quite a difference for you. "'"^ Nf-»o,i,.N » ioo« t2i2>coi4\\i 
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We just threw away 
one of our best products! 



ecause tl 

a 



Why? Simply because we've come up with something even better. . . 
the most sopliisticated equalizer in the business! 

Up to now, most mixers have been locked in with just a liigh and a 
low frequency equalizer. Sometimes, if they were very lucky (like 
on our old model), they also bad a mid-frequency equalizer. But 
none of tliem did the job completely. Not even ours. Because that 
broad mid range is simply too broad. 
But all that's changed now. Our new ADM 700 
series exi)ands the mid-frequency equalizer into 
four sepcirale frequency bands, giving more flex- 
ibility and control than ever before. 
The ADM 700 series is the mixer's answer to in-line 
e()ualization. And you really won't believe it until you 
hear it. 

Which you can only do through Audio Designs. 
Because it's ours, ^exclusively. 

There's more where it comes from, loo. We'd 
like to tell you about our whole 
line, from special cus- 
tom consoles, to 
stock consoles, to 
a complete line 
of component 
parts. 





For more informa- 
tion, drop us a note, 
or call collect. 
Audio Designs and 
Manufacturing, Inc. 
15645 Sturgeon 
Roseville (Detroit), 
Michigan 48066 
Phone (313) 778-8400 
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$29.95 



CERTIFIED HYGROMETER 
NO. 167 

This model is certified to be 
accurate within 2%. Dial 
indicates range of 0 to 100% 
relative humidity. Each 
instrument has been tested at 
three different positions of the 
dial at temperatures ranging 
from 32 to 230° F. Original 
calibration and certification 
done at the G. Lufft 
Metallbarometerfabrik, GmbH 
Stuggart under the standard 
conditions of the Federal 
Republic Test Society. Casing is 
solid brass gleaming finish, 
black dial with white numbers 
and lettering, red tipped 
pointer, casing is drilled for 
wall mounting. Direct reading 
dial. Size is 6" overall, 
dial face is 5" diameter. 



Figure 4. The double 
clamp circuit needed, 
to go with Figure 3. 



Figure 5. Whsl can 
happen when volt- 
age kicks exceed 
either supply volt- 
age: (A), current 
paths when operat- 
ing normally; B, cur- 
rent paths when sig- 
nal voltage at output 
kicks above supply 
positive; C, when 
signal goes beyond 
supply negative. 
Double-headed ar- 
rows represent dan- 
ger currents. 
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1000 
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$24.50 




$22.50 



MODEL 13 BAROMETER 

This fine precision barometer 
is the same size and general 
appearance as the Certified 
Hygrometer No. 167. 
Features an open dial graduated 
from 28 to 31 inches with a 
visible precision polished 
mechanism and solid brass case. 



MODEL 123 DIAL 
THERMOMETER 

A precision thermometer to 
match the above units and is 
often used with them to make 
a matching set. Large, easy to 
read dial graduated in 2 
degrees. Range n-inus 30° to 
plus 130° F. Same case 
specifications as No. 167. 



GUARANTEE 

100% absolute satisfaction or your money returned 
within 10 days without question. To order send check 
directly tO: 



TIMEKEEPER 

M. Bu m, Haegti, H.r, 11SD1 

M. T. Slttt RiiicDli lit i% ^lii t.;i 
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snppU- \iilt;i};L' that nut the current 
stiirU'd. 

This means that the \oltaKO across 
the load can, for a iiiomoiit swiiij; 
l)e>()tul llic supply voltage on the other 
side of the transistor (F-'ioURE 5). This 
is a danger ]>oint. Xow the transistor 
cotuhifts freely in the oi)|X)site diree- 
tion, and hase input no longer controls 
it. The fiiiictioiis of etnitter and col- 
lector are suddenly transposed, and 
hase can go lia\ \vire. 

Kecircuitinn the output current in 
this \\i\y can Mow the drive transist<)r 
and next the outjuit transistor goes, as 
a Secondary elTect. Some means must he 
adnptifl to pre\ent the excessive volt- 
age swing that starts this chain reac- 
tion. < )iu' wa\- is to use diodes that con- 
dtict liefore tlie voltage reaches this 
imint (l-KU KK 6). 

The \(iltage at a IranslornuT tapping 
furtlicr from ground, or sti))pl\' center, 
than the output tapping, will swing 
lK'\iind voltage |)ositI^■e or negative 
before the outinil tap]>ing \oltage itself 
<loi-s, Uy cotine<-tlng the other side of 
dioiles from this higher (auilio-wise) 
tapping to supply lHlsiti^■e and negative, 
they conduct aiul pre\ent voltage from 
going any further liefore the output 
point of the ainplilier readies the 
danger point. 



GPOjfJD 




Figure 6. A relatively simple circuit to 
protect against the voltage kicks and reverse 
currents illustrated in Figure 5. Because the 
output impedance is close to required load 
values, an output autoformer can be de- 
signed more economically (and at much less 
cost) than the traditional output transformer 
of tube days. 

riie.se diodes are huilt to withstand 
the reverse ^■oltage necessar\' under 
normal operation (the double su])ply 
voltage, with a safety margin) and the 
full output current necessary under 
protective operation. 

That is probably enough about tran- 
sistor output circuits for the time being. 
Next time we will turn to one of the 
other tilings that readers have been 
writing in about. ■ 
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Noreico 
introduces 
custom mixers 
from Steele. 



MD16RF8 




How dozens of custom console 
configurations assemble 
from 4 unique modules. 
Result: the first custom 
consoles witti mass-production 
price, reliability and dolivery. 



■ Current dependent mixing allows for console 
configurations from 8 inputs with 1 output, to 16 inputs 
witli 8 outputs. ■ All Noreico MD consoles utilize Danner 
silicone encapsulated attenuators. ■ Up to 4 echo send/ 
return channels. ■ Switchable equalizers providing high 
end, low end, and presence equalization. ■ Panpots on 
each input channel (MD16RF8 only). ■ Switchable input 
sensitivity. ■ Stereo monitoring facilities. ■ Built-in 5 
frequency oscillator. ■ Prelisten, talk-back, and 
program-distribution channels. ■ All connections via 
floor level screw type terminal strips. ■ Insertion points 
for external signal processing equipment. ■ Detailed 
individual test reports accompany each Noreico custom 
mixer, assuring guaranteed performance. 

Your Noreico MD mixing console can be operational 
in a matter of hours. Many versions in stock for 
immediate delivery. 
Noreico MD8R1: $6,648 
Noreico MD16RF8: $22,950 



PERFORMANCE SPECIFICATIONS 


Freq. response: 40 . . .15.000 Hz 


=r0.5dB 


Distortion: less than 0.5% 




Gain: lOldB 




Output level: + 18dBm 




Relative noise input: better than 


— 120dB 


Cross talk: better than 80dB 






MD12RF4 Console 

provides 12 inputs. 4 outputs 
and 4 Switchable equalizers 
I for $10,470. 



/i/ore/c 



PHILIPS BROADCAST EQl IPMEM CORP. 

A ^( IN I M AM 1 H K AN t'M I U Ps TOV MA\* 



cr 



o 



One Philips Parkway, Montvale, N.J. 07645 (201) 391-1000 

Circle 1^ (in Header Sei-eirr Card 
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Sounc 



with Images 



MARTIN DICKSTEIN 



• The etTectivcncss of any projection 
system, whether front or rear pro- 
jection, is judged generally by the 
ability of the audience to read printed 
material shown on the screen, or, in 
other words, by the intelligibility of tiie 
projected materiul. 

There are suggested standards for the 
size of lettering to be used, recommended 
thickness for lines in graphs and dia- 
grams, and templates available to indi- 
cate the best area to use for the printed 
mesKige, but these factors still depend 
on the performance of the projection 
s\stem to pro\ide the \ie\vers with 
satisfactory images. 

The term luminescence is used for 
image brightness and is determined by 
the amount of light either reflected from 
the screen (front projection) or trans- 
mitted by the screen (rear projection), 
divided by the area of the image. (The 
foot-l.ambert is the unit used to define 
the brightness, and it is assumed that 
the slide being projected is the standard 
35mm or double-frame size.) 

Although each viewer may lia^*e his 
own ideas for how bright a slide image 
should be, depending on the material 
being shown, there should be some 
\ahie assigni-d to the acceptable bright- 
ness of a slide image. There is no actual 
prescribed value, but a minimum of 
lOfL for slides has been suggested by 
Kodak. (The SMI'TI'" recommended 
values for .15nini and 16nim tilm are 
16fL phis or minus 4 and plus or minus 
2 respectivelx .) 

It has been found that if the image of 
films is too bright, the viewer is dis- 
turbed by what seems to be a flutter or 
flicker. Depending, of course, on the 
darkness of the room and the sjieed of 
the shutter, a brightness greater than 
about 20fL becomes distressing. For 
slides, however, the image brightness 
has no to]) level as far as the viewer is 
concerned. The brighter the better, it 
seems. However, it must be remem- 
bered that there will be times, in the 
course of presenting many slides, that 
some will seem to wash out when the 
image is too bright — with a possible 
loss of readability. In most instances, 
though, the brightness will be desirable, 
especially with printing on different 
colors of background. 



IMAGE BRIGHTNESS 

The image brightness levels given are 
for blackout conditions in the theater, 
where the screen is illuminated by only 
0.1 fL of stray light. The stray light 
falling on a screen is usually higher than 
this (from the projector lamp where the 
projector is in the same room, from 
windows not completely blacked out, 
from lights at e.vit doors, ceiling lights to 
permit taking of notes, etc.). Thus, in 
order to maintain a proper balance be- 
tween the brightness of the image and 
the ambient or stray light hitting the 
screen, consideration must be given to 
the type of material to be projected, as 
well as establishing a satisfactory- ratio 
between the image brightness and the 
non-image brightness of the reflected (or 
transmitted) light. (Some of the causes 
of stray light on a rear-screen projection 
system are a work light turned on by 
someone behind the screen without 
realizing the problem this can cause, or 
the opening of a corridor door leading 
into the rear-projection booth where 
no precautions ha^■e been taken to 
prevent the outside light from reaching 
into the booth. Painting the walls of the 
rear-projection booth black helps to 
eliminate bouncing around of stray 
light even from the projector itself.) 

In order to determine the levels of 
light, both desired and undesired, com- 
ing from the screen, it is suggested that 
a foot-l.ambert meter be used to 
measure the reflected and transmitted 
light. (Standard light meters usually 
are made to read footcandles, or inci- 
dent, not reflected light.) A reading 
should be taken of the light coming 
from (or through) the screen on or close 
to the axis of the projected center of 
the image. This is done by turning on 
the slide or film projector with no slide 
or film in the unit. (The room should, 
of course, be darkened to normal pro- 
jection illumination.) This is the image, 
or desired, brightness level. 

A second reading is then taken with 
the foot-Lambert meter of the light 
being reflected (or transmitted) by 
the screen with the projector still on 
but with the lens capped to prevent 
source light from hitting the screen. 
(The projector is left on so that any 
stray light coming from the projector 
will be taken into account.) 



Dividing the first of the two readings 
by the second will now provide a 
screen-brightness ratio. (.Vote that in 
taking reflected light readings, the 
entire system has been accounted for 
including the screen and the material 
of which it is made, the light source, 
the optic system, etc.). This ratio will 
act as a guide to determining if the 
sx'stem is providing sutTicient bright- 
ness for the material to be presented. 

Different values have to be given to 
provide a guide for determining the 
ratio required for diff^erent material. 
Where the image will be required to 
show good details in colors or in various 
shades of gray, the minimum bright- 
ness ratio might be considered to be 
100. For less detail, whether in color or 
gray areas, a value of 25 might be used. 
For graphs or charts or typewritten 
material, the ratio might be 5. 

By multiplying the stray light bright- 
ness by the proper factor based on the 
material to be shown, a minimum 
screen brightness level is determined. 
If, for e.xample, the stray light is found 
to be IfL and the material to be pre- 
sented requires a screen brightness ratio 
of 100, the screen brightness level 
should be lOOfL. If the material to be 
projected falls into the categor\- where 
the screen brightness ratio should be 5, 
projecting in a room with IfL stray 
light on the screen would result in a 
screen brightness of only 5fL which 
is well below the suggested minimum of 
lOfL for slides. Increasing the source 
brightness, or any other factor, to raise 
the ratio to the recommended level 
would only result in an e.\tremely con- 
trasty image with resulting loss of 
legibility. The ratio can only be raised 
properly by increasing the stray light 
around the screen (but not allowing the 
additional lighting to fall directly on 
the screen) and then increasing the 
system brightness to the proper level to 
establish the proper ratio required 
above the minimum recommended level. 

There are means to estimate the stray 
light and to calculate the output bright- 
ness of the projection system so that the 
required ratio can be determined with- 
out the use of the foot-Lambert meter. 
This will be the subject for another 
discussion in the near future. ■ 
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Get The Grabbers^!^ , » 



WE GAVE IT A NEW NAME BECAUSE WE HAD TO. 
THERE'S NOTHING ELSE QUITE LIKE IT. KEPEX CAN 
DO THINGS TO YOUR MULTI-TRACK TAPES, ON MIX- 
DOWN OR REAL TIME, THAT YOU'VE NEVER HEARD 
BEFORE. SUCH AS: 

• REDUCE NOISE UP TO 60 DB! 

(Tape hiss, instrument amplifier noise, air conditioner 
noise, drum rattles, burps, etc.. etc.) 

• REMOVE ECHO! 

(Example: If you goofed and recorded eclio on a liand- 
clap tracl( KEPEX can tal<e it off.) 

• REDUCE LEAKAGE & ROOM SOUND! 

(Pull your performers out of the fog and into the quiet 
zone of KEPEX.) 

• CREATE ELECTRONIC MUSIC EFFECTS! 

(KEPEX is not afraid to speak, though it spealts a 
language of its own. It can mal<e a vocal track behave 
as a singing drum track for instance.) 

Circle 26 on Render Scwice Card 




ef-iUUL0-0-1i-IL0-IL0-g-IU>-0JUL0JUULa, 



DO YOU DOUBT IT? 

o< Allison has prepared a demonstra- 
tion tape so that you can hear the 
a results of KEPEX in actual use. Ask 
° her for your free copy, You'li be 
° amazed. 



Q. 

<r 



OlV. OF OntOINAL SOUNO INC, 
7120 SUNSET BLVO. HOL LY WOOO , C A. B004B 
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, head 
for your 

recorder? 



Your Nortronics distributor 
has it in stock! 

Heads lor nvcr 2100 recordi-rs, 
domestic and lUiporti-cJ, almost 
certainly inckidiiiK yours. Excellent 
pertormancc characteristics, 
lonK lite, easy replacement. 

ASK FOR FREE LITERATURE. 

^ Tfortrmfcs 

6140 Wavzala Boulevard 
Minneapolis, Minnesota 55416 
Phone: (612) 544-0381 

Ciyt lr 27 on licattcr Si-ni'icr Card 



AUDIO 

ENGINEERS 

TECHNICIANS 



basic technology 

201- FUNDAMENTALS OF 
AUDIO TECHNOLOGY 

202- AUDIO/VISUAL 
PRODUCTION & TECHNIQUES 

intermediate technology 

101-STUDIO TECHNOLOGY & PRACTICE 

advanced technology 

301- SURVEY: AUDIO SYSTEMS 
DESIGN 

302- HIGH SPEED TAPE DUPLICATING 

303- 0PERATIQNAL AMPLIFIERS- 
APPLICATIONS IN AUDIO 

304- STEREO DISK MASTERING: 
PRINCIPLES, TECHNOLOGY 
&TECHNIQllES 

305- INTRODUCTION TO 
AUDIO ENGINEERING 

Your job security and advancement depend 
upon your skill and knowledge of present 
technology and praclices. 
Our proven courses embody the latest 
disciplines of today's audio technology and 
prepare you for tomorrow's top positions 
in the Industry. 

The 

imiTITEOFmOReSE,IRCH,»C. 

156 Fifth Avenue, New York, N.Y. 10010 
212-242-1915 
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The Sync Track 



JOHN M. WORAM 



MONITOR SPEAKER 
STANDARDIZATION 



• No mailer what stanilar<ls our in- 
(tiistrv may new or later adupt. it's 
a pretty safe hel that there will never 
lie all ittdiistry-wide standard speaker 
s\st em. 

^'on wiiu't ncl into iiiiirli trouMe 
insisting that fnini this (la\' on a liUm 
shall be linW throiinil 600 ohitts, atid 
evcrvdiie will nod a>;reeinent when yon 
proclaim that it would he a Hood idea 
for all tape niaehines to rini at 15 in. 
see. Miit. sonielime when >()n're liored 
try i-;illinj; all \diir friends and re\ ealinn 
that \inir speakers should heneeforth 
be eonsideri-d the in<liistr\- standar<l. 
^'ou may not f;et very far. Naturally. 
\onr s|)eakers are llie linest, and the 
rest of the indnstr\- is tone deaf aiu way. 
lint \ on'll nev er i'oii\ ince the others that 
only \ (ni ha\ e the correct system. 

I'art of the problem is that speaker 
standards are unlike s;i\ . tape speal 
where one speiil niiniit be as ^'ood as 
another. There is no partieuiarlv scien- 
tific reason for choosiiif; 15 rather than 
14 or 16 in, sec. Were it not for the 
ob\ ions necessity for a standard, an\ 
old spei-d woiikl do nicele. 'i'hat's alxmt 
the wa\' it is now with .speakers. I'very- 
one lias their fa\orite design and 
type, and no one feels inclined to 
ehan>;e, since speakers <ion't have to 
conform to a standard in order to he 
coniiKitible with other siH'akers. In 
fact, they are best judged snbjeetivelv', 
the wa>' nuisic itself is. Once certain 
niiiiinnini re(|nirenients have been met, 
the choice of one speaker over another 
depends on personal preference, which 
niav be difi'icnlt to define, let alone 
measure. 

It's reasonably easy to follow a signal 
fnmi niicnipiione to speaker, where it is 
converted into acoustic enerj;\ and 
lannclie<l on its wav to vonr ear, there 



to be con\ erted into w iio know s what. 
Depending on von, the inforniati(Hi re- 
ceived will warm the heart, or turn the 
stotuach. Ik'fore the ear, itseas> to make 
nieasnrenients. Hehind the ear, it's a 
little ntore dilTiciill. and even nieasnre- 
nients that can be made are often over- 
shadowed by those that can't. How 
then, can we expect to prj'scribe the 
standard speaker, which is where the 
subjective befjins.' 

'I'ltere are a few (Joints that can be 
made. l"or example, we're all aijainst 
distortion (unintentional distortion, that 
is), 'i'liis has iiothinj; to do with our 
musical tastes. A distortt'd rock firoup 
is just as bad as a distortiti slrinj; 
(|iiartet. and if tiie rock listener doesn't 
coni|)iain as loiidlv, it's more a coni- 
nientary on his per.soiial tolerance 
level than on the acceptal>ility of the 
distortion. 

,\s sjieakers. and all that other >tulT, 
have Hotlen better, distortion linures 
presnmabK' ha\ e been niininiized. Now, 
aloiif; with other data, some manufac- 
turers include a ^rapli to show \ oii how- 
well their sjieaker jiasses the fre<|uenc\- 
run test in an anechoic chamber. 

Mm. suppo.se you are one of those 
iwior few who don't li\e in an ani-choic 
chamber? What then? 'riien. as the 
sound meanders from the speaker to 
\ ()iir ear. it is fqiinlizcd by your listening 
room. l-'\er\' window. <lrape. wall, and 
piece of furniture or e<[uipinent throws 
ill a few <1H {-|- — ) until by the time 
the sound reaches your ear, aii\ re- 
semblance to a flat response curve is 
coiiieidenlal. Oiiite often, the same 
speaker in ditferent rooms will pr(Khice 
greater dilTerences than that between 
dil'ferent speakers in the s;ime room. 

Ail of which briiij;s us {tiiiall\) 
to\var<ls the ]K)int of this month's 
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THE 

CARTRIDGE KILLER 



— ^ 




This man doesn't have time to baby 
the tools of his trade. Not with a 
commercial, a traffic report and time 
check breathing down his neck. He's 
got to keep those records spinning 
fast and furious. And, if he kills a 
cartridge or two along the way, well— 
that's how it goes. 

Until now. 

Meet the Stanton 500AL— the 
cartridge that's tougher than disc 
jockeys. Here is the workhorse of the 
broadcast industry. We designed the 
entire stylus assembly to withstand 
the rugged demands of back cueing 
and the kind of handling that would 
quickly ruin ordinary pick-ups. Yet its 
high restoring force and tracking 
reliability is accomplished without 
sacrifice of professional standards for 
frequency response, output, channel 
separation, etc. 

Also inquire about Stanton Models 
500AA and 500E— the standards for 
critical auditioning and broadcast 
applications. They're designed 
especially for uninterrupted broad- 
casting of long-playing records or for 
disc auditioning and evaluation. 



SPECIFICATIONS 

Frequency Response 
Output 

Channel Separation 
Load Resistance 
Cable Capacitance 
DC Resistance 
Inductance 
Channel Balance 
Stylus Tip 
Tracking Force 
CartridRe WeiRht 
Mounting Dimensions 



500AL 

20Hz to 17kHz ±2'/idB 
1.0 nnv/cm/sec. 
30CIB 

47,000 ohms 
275 pF 

800 ohms approx, 
550 mH approx. 
within 2 dB 
0.7 mil Spherical 
3-7 grams 
5 Rrams 

K." to Vs" cer^ters 



For complete information and 
specifications write Stanton 
Magnetics, Inc., Terminal Drive, 
Plainview, L.I., New York 11803 




SiaMX)!! 



IScotI Muni 
WNEW-FM, New York 
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We May Have 
The Man 
or 

Woman 
You Needl 



• Announcers • Disc Jockeys 

• Newscasters • Sportscasters 

We've provided thousands of well- 
trained and motivated men and women 
for stations coast-to-coast and overseas. 
Tell us your requirements. We'll put 
you in touch with Career graduates 
(from your part of the country) who 
meet your needs. No cost to you or 
the graduate. 

CAREER ACADEMY'S 

Division of Famous Broadcasters 
National Placement Department 

61 1 East Wells Street 
Milwaukee. Wisconsin S3202 
Phone: (414) 272-4822 
TWX: 910 262 1148 



: column. If we can't ail agree on the 
ideal speaker s\stem, we can at least 
agree that each listening room ini])oses 
a different set of conditions on the 
iomlspeaker listener conihination. This 
means that even if we could dcline the 
standard speaker system, we would be 
compelleti to include the listening room 
as part of the system. The plot thickens 
- -even if you cotdd get everyone to 
use the same siieaker, tr> getting ever\ - 
one to IniiUl identical listening rooms! 
One studio- The Record I'latit has 
done exactly that. Their control and 
mixing rooms (studios too) on the east 
and west coast have been hiiilt to the 
siime blueprints. Since today's studio 
personnel are iiuite mobile, if each 
studio imi>oses a ditTerent sort of listen- 
ing environment, it can make work tlif- 
ticult at best. Presumably. Record 
Plant iieoi)le don't have this ])r()blen). 
For others, the solution is often to 
make final decisions after listening at 
home on the living room hi-li. It may 
not be great soitnd, but at least it's 
constant, and once you're used to its 
little idiosx ncrosies, yon have a, sorl-of, 
reliable frame of reference. 

'J"o help get around this problem, 
many studios not prepared to follow 
the Record Plant's exaiii])le are now 
running resjMtnse cur\es in their control 
rooms to find out exactly what in- 
lluence the room has on the .speakers' 
frequency resixinse. Once nieasure- 
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WHERE WILL THE "PHANTOM 
PROVE ITS 
AMAZING POWER NEXT? 



In your studio, perhaps? 
The "Phantom" can't resist the challenge of a 
multi-microphone power supply problem. It may 
look like a simple plug-in printed circuit card and 
frame. But it's actually the most unique compat- 
ible central powering unit in the world. 

Why is it called the "Phantom"? Because you 
install it in one place, anywhere at all, and it simul- 
taneously powers up to 40 Neumann FET-80 micro- 
phones wherever they may be — miraculously, 
without changing existing microphone outlets 
y^- — ■ ■ ■ or wiring. 

Plug any other kind or make of microphone into the same outlets and — 
the "Phantom" vanishes. 

Why buy a new $84 power supply each time you add two microphones? 
Buy the $84 "Phantom" just once, and don't buy another until you buy 
your 41st Neumann! Q 

Write to Dept. 102 audio corporation 

for free brochure with ^ 46th$treei. New vork.N.v. 1003& (2i2)co5 4111 

complete information. "^rcl^^r E^f^s l?-"' 
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ments have been made, corrective 
eciualization is inserted — usually before 
the power amplifier until the com- 
bination of equalizer, amplifier, speaker 
and room yields as flat a frequency run 
as ]K)ssible. Deiieiiding on whose system 
you use, the process is known as 
A cniisia- 1 'oicing or Environ menial Equal- 
izing. 

To find out just what a little equaliza- 
tion would or woiddn't do, I recently 
tricked Prazier representative Jim Loder 
into analyzing and correcting my li\ ing 
room listening conditions. It seems to 
nte I may have given him the impres- 
sion that if I liked the system, I might 
buy units for all my friends. He found 
out too late that I didn't have any. 

.Surprising!)', a 2/3-octave analysis 
showed that the room wasn't realh- so 
bad. .\ctuall\-. I had no complaints 
with the sound ! was getting. Howe\-er, 
after iNlr. I-otler made the required 
adjustments on the Frazier nu>del .SKE- 
24 Hqualizer, no one had any trouble 
detecting the equalizer's efi'ect during 
an a-b test. The increase in clarity was 
remarkable, far beyond what I shotdd 
have imagine<l. This is not so much a 
testimony to any remarkable qualities 
within the Frazier unit as it is to the 
soundness of environmental equaliza- 
tion. Of course, the Frazier is an excel- 
lent unit, and the complete set of 
2/.i-octave filters on one chassis means 
that you can re-equalize ever\-tinie you 
change speakers or other listening con- 
ditions. However, any device that will 
hel]) flatten out \'our peaks and \-alleys 
i.s worth investigating. 

Depending on the condition of your 
listening room (and budget) there are 
units (IVazier or others) available that 
allow 2 1 .V or even 1 6-octa\e 
compens;itioii. I"or most professional 
applications, perhapsa 1 .^-octave analy- 
sis and compensation woidd be ade- 
quate. 

Now then, this month's colutnn be- 
gan in s]>eaker standardization, and 
here we are talking about room equaliza- 
tion. Since I'm supi)osed to be making 
some sort of point, let's remember that 
the reason for an\' standard is to mini- 
mize compatibility problems and elimin- 
ate ambiguities between two or more 
s\ stcms, sjieakers or whatever. 

Since all the listening rooms in the 
industry will never be identical in 
speaker complement and/or physical 
layout, the way to avoid the vagaries of 
each location's personalit\- is to get out 
the spectrum analyser and the noise 
generator, see what's happening, and 
make the necessar>- corrections. Then, 
as one moves from location to location, 
the monitoring conditions will probabb" 
be as close to standard as one can 
realistically hope for. 

If you still don't like the high end. 
niavbe it's time for a behind-tlie-ear 
checkup. ■ 
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NOW! 
ANEW 
SOLID STATE 

LA-2A(THE LA-3A) 

new half-rack size {^Vi" high) ^ lower noise * new low price (under $400.00) 




THE NEW TELETRONIX LA-3A LEVELING AMPLIFIER 

The LA-3A is all new! The only thing left untouched was the exceptional perfor- 
mance characteristics of the LA-2A. The electro-optical attenuator, that made the 
LA-2A so popular, remains the same, but that is where it ends. Improvements in 
overload characteristics, and signal-to-noise ratio add to its performance. We've 
squeezed its size. Two LA-3A's can now be mounted side by side in only 3Vi " 
of rack space. The all solid state LA-3A has more output power (-l-25dBm, vs. 
-l-18dBm in the LA-2A). The new contemporary styling will look great with your 
existing equipment. Send for complete technical details today! 




11922 Valerio Street. No. Hollywood, 
Calilornia 91605 (213) 764-1500 

Exclusive export agent: 
GOTHAM AUDIO DEVELOPMENT 
CORP., NEW YORK, N.Y. 
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mfiX€LL CORR Of fim€RICfi 



The tape for high frequencies. Cap- 
tures the full scale. No wonder 
more and more record and dupe 
makers specify the advanced 
Maxell f-20 magnetic cassette 
tape. 25 Hz to 18,000 Hz- 
a full sound spectrum with 
brilliant clarity. 10% greater 
tensile strength than conven- 
tional tapes. Plus our closely 
guarded Hush-Hush process 
that virtually wipes out hiss, affords 
truest fidelity in mono or Stereo, record- 
ing and playback. Write now for facts. 



A subsidiary of Hitachi-Maxell Ltd. 
B01 Flftti Avenue, New York, N.-Y. 10017 

Circle 32 on Reader Her-,<i(e Curd 



a. 
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owering Condenser 
Microphones 



GERHARD BORE 



The user of transistor-equipped condenser 
microphones must decide among three possible 
systems, something which certainly runs 
contrary to the purpose of standards. 
This article investigates the reasons which 
have led to this situation as well as the 
pros and cons of the three systems. 



AcfORDiNG TO L)I.\ 45 595 Connection of Transistor 
Equipped Microphones with Modulation Lead 
Powering, solid-state etiuipped condenser micro- 
phones are ]X)\vered b\' sending the necessar\' d.c. 
along the same conductors which serve the audio output of 
the microphone. The two wires are traversed by the current 
in opiwsite directions; that is one lead pro\-ides the current 
suiDpiy and the other the return leg. 

In the DIN 45 596 standard Connection of Transistor 
Equipped Condenser Microphones using Multiplex Powering, 
another method is suggested in which the d.c. is supplied 
through the electrical center of the audio output leads; that is, 
half the current (lows in each wire and is returned through the 
cal)le shield. Two voltages are suggested: 12\' and 48\'. 

I'ach of these ^lowering systems have one thing in common: 
the>- require hut a single shielded pair of wires. I']) to now. 



Dr. Gerhard Bore is the chief physicist of Ceorg Xennutun 
GmbH, Berlin. The paper which originally appeared in Ger- 
man in I'Lleklronorm. Vol. 2.1 {1969), So. 7 was translated 
by .Stephen F. Tenimer, president of Gotham Audio Corporation. 
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condenser nucr<»|)liones have needed l"i\e (or even six) con- 
ductors, while dynamic niicropiioiies iiave always iise<l hut a 
shielded pair. It is this very desirable siinplification of micro- 
phone connections ;ind cables which has led to the criticism of 
the mothtlatioii lead ixiwering recommended in DIN 45 5^5. 
I'or such ]K)werinjT methocls wire \o. 1 carries the plus jiole 
(+), and wire No. 2 the minus |X)le (— ) of the d.c. sujiply 
\'()ltaRe as well as the audio iiMxlulation. Outlets so eqiiip])ed 
therefore cannot be uswl directly for the connection of other 
microphone tyiK-s, since dynamic microphones and all 
microphones e<piippetl with an output transformer produce 
se^•ere distortion if the sitp])ly voltage is not disconnected. 
Kibhon microphones and certain moving coil units will 
furtheniiore sulTer iiermanent <laniagc. 




Figure 1. The modulation-lead powering standard according to 
DIN 45 595. 



MODULATION LEAD POWERING 
ACCORDING TO DIN 45 595 

The modulation-lead |X>werinK standard was decided upon 
at a time when transistor-e([ui])ped condenser microphones 
were onl\- jxtssible usiu}; the rf principle. I$y standardizing 
the ijower-fewl resistors and their electrical arrangement, 
the output circuitn' of such microphones was also determined 
in advance as I'lciiRH 1 shows. 

The cable shield is coiuiected to the microphone housing, 
hut not to the circuitr>- within the microiihone itself. The 
outinit synuiietry with respect t<> ground prohibits the con- 
nection of either nuKlulation lead to the cable shield. Only 
the "electrical center'* may be so connected. This electrical 
center on the other hand, is only accessible in the remotely 
located ]X}wer sujjpK- branch-off, and is shown here as the 
two resistors. 

It is an advaxtagf of the mo<luUuion-leud powering s\-steni 
that no current is fed through the cable shield; a diml- 
vautage, on the other hand, that the audio output and d.c. 
supply voltages are mixed within the cable. As a result the 
supjily voltage nuist be filtered most carefully, since it is in 
parallel with the audio modulation. If more than one micro- 
l)hone is to be supplied froiu a common power supply, a 
decoupling network must be used to prevent audio crosstalk 
between n)icro])hones. 

With the advent of the fieW-elTect transistor (fet) it has be- 
come ixjssible to construct transistor-equipped condenser 
microphones using circuitry- of conventional audio-amplifier 
design known and used for <lecades in tube technolog\-. The 
input circuits of such fet e<[uip]Ted condenser microphones 
are high impedance and are protected against noise inter- 
ference by the micn)phone housing. To prcxluce really effec- 
tive shielding, it is absoluteK- necessar>' that the housing 
(chassis) and 0-volt potential be identical. It is for this 
reason that all tube-equijiped condenser nucro]ihones have 
a 0-\-olt chassis connection. 

-Should one wish to construct fet-eiiuipped condenser micro- 
phones for modulation lead jxiwering, problems arise which 
were not prwlictable when the DIN 45 595 standard was 
pronuilgate<l : 

Due to the missing 0-volt chassis connection in the micro- 
plume, noise which ap])ears along the cable shield will reach 
the gate of the fet as a result of the stray capacitance be- 
tween microphone case and ani])lilier in]Hit, and will be ampli- 
lierl along with the niiKlulation. Heyoml that, such stray 
capacitances adversely inlUience the balance of the micro- 
phone output, even if their values are hut fractions of a pico- 
I'"ara<l. This is due to the fact that the relatively high im- 
peflance of this stra>' cai)acitance between gate and micro- 
phone housing is ste|)pe<l down b\- the transistor stages 



along with tiie capsule cajiacitance, so that output balance 
will be affected ad\'ersely by it, and not, as it is intlicated in 
DIN 45 595: "princijially by the balance of the 180-ohm 
power feet! resistors." 

For tnicrophones of simple construction, these disadvan- 
tages can be negated through the use of double shielding of 
the case, in which the inner shield is connected to the zero 
IJotential of the first amplifier stage. More complex micro- 
phone tyi)es such as switchable characteristic or stereo units 
would be structurally dilTicult to produce, since such a second 
shield might even ha\'e to be transp.irent to sound. 

MULTIPLEX POWERING 
ACCORDING TO DIN 45 596 

In multiplex ]X)wering both modulation leads are at the same 
IX)tential (see Figure 2). The principal advantage lies in the 
fact that dynatuic microphones as well as all microphones 
equip])ed with an output transformer such as tube-type 
condenser or ribbon units may be connected, wthout the 
necessity of disconnecting the d.c. sup])ly voltage. 

.Since the powering current flows equally through both 
modulation leads to the microiihone, it is completely de- 
coupled from the audio modulation which at any given in- 
stance flows through the audio pair in o|5posite directions. 
The supply voltage may therefore contain significantly more 
ripple and noise without influencing the audio signal flowing 
through the cable. 

The advantage of using 12 volts as the supply is that this 
voltage is more usually available in existing {lowering systems. 
The d.c. power supplies found in studio consoles, portable 
tape recorders and wireless microphone transmitters may be 
used directly for powering. On the other hand such con- 
denser microphones using straight forward audio amplifiers 
must be equipped with d.c. d.c. converters or batteries for 
producing the ca])sule ]X)larizing voltage of about 48 volts, 
and as a result consume some 80 m\V of power. 




MICROPHONE 



Figure 8. Multiplex powering has both modulation leads at the same ^ 
potential. This permits the use of dynamic and other output-trans- 
former equipped microphones without the need for supply voltage 
disconnection. £ 
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The other multiplex ix)wering voltage, 48 volts, will not be 
readily available, and will have to be produced in a.c. sup- 
plies, battery boxes or d.c. converters. It would tlierefore 
have been obvious to recommend the use of the 12-volt 
system, if the use of 48 volts did not have the following 
significant advantages: 

1. Condenser microphones using normal audio frequency 
circuitry- (with fct) can obtain their jxilarizing voltage 
directly from the 48 \'olt supply, thereby saving numerous 
components, consuming only 19 m\V of ]X3wer, and per- 
mitting considerably smaller size. 

2. The higher voltage and lower current permit very 
small but effective filtering com]X)nents for the supply voltage 
to be incorporated within the microphones themselves. 
This obviates the necessity for special filtering and decoup- 
ling networks for each microphone, and prex'ents any crosstalk 
via the supply. 

3. When compared to 12-volt systems, power supplies may 
be constructed much more simply for the same reason. 
Due to the very high \'alues of the power feed resistors Ri 
and R2, central power supplies need to be only slightly over- 
dimensioned to make sure that an inadvertent short in one 
of the microphone cables will not affect the operation of the 
other microphones on the same supply. 

4. Only 48-\'olt operated multiplex powered microphones 
offer the possibility of operating such transistor units from 
power supplies intended for the powering of tube-type 
micro])hones. The outlets for such tube units may be altered 
by installation of simple voltage dividers to provide the 
minimal current (0.4 mA) needed by the 48-voIt fet units. 
Installations using standard tube-type microphone outlets 
may therefore operate a mixture of tube and fet types without 
regard to changing power suijplies, 

A voltage higher than 48 volts was not recommended due 
to the need for battery- ]x>wering. Close to 48 volts may be 
obtained from the series connection of two 22^-volt bat- 
teries available ever> where in the world, while higher volt- 
ages could only be obtained from special batteries or d.c. 
converters. 

PROBLEMS OF POWERING 
VIA THE CABLE SHIELD 

The advantages listed under 2. above, of building the filtering 
components for the supjily voltage into the microphone 
itself, is especially of value when the current flows through 
the cable shield. Such a suppl>' system is new to studio 
technology', and it was therefore necessary to investigate 
whether and under what conditions such a powering method 
could lead to problems in oi^eration. 

The d.c. through the cable shield jiroduces a small voltage 
drop which might fluctuate slightly during operation if, for 
example, two connectors along extended cable runs of two 
adjacent microphones touch for a moment, shorting out this 
x'oltage drop for an undefinable pcriixl of time. The result 
is lUictuation of the sup])ly voltage by the amount of this 
voltage drop. 

Besides this, undesirable currents might be caused to flow 
through the shield should a connector or the microphone 
housing come in contact with a metal object which is at a 
diiTerent potential from operating ground. This might occur 
if the console and its shields are at ground potential and a 
connector from a microphone cable comes in contact ^vith a 
pi]>e of the central heating system or an electrical device 
grounded to the protecti\'e a.c. ground. This would cause a.c. 
with ]X)wer-line fre(|uency to flow through the cable shield. 



An alternating current can also be induced in the cable 
shield by magnetic fields if the shields of two microphone 
extensions come in contact with each other outside the 
console. The ground loop thus formed has a very low resist- 
ance, allowing induced currents which may lead to noticeable 
interference. 

The currents described influence the balanced and floating 
modulation leads within the cable only very little. However, 
as soon as a part of the a.c. also flows through the 0-volt 
lead of a microphone powered by d.c, noise is coupled into the 
supply voltage. This produces the same effect as if the 
microphone were powered from an a.-c. supjjly with in- 
sufficient filtering. This noise can be completely removed by 
including filtering comjionents for the supply voltage within 
the microphone themselves. Estimates as well as lab experi- 
ments have shown that components which have a filtering 
factor of 10,000 at power-line frequency, will keep out inter- 
ference of the strongest kind introduced via the cable shield. 

At first, ideally-balanced application of the poorly filtered 
supply current was assumed. Should one wish to maintain 
the commonly obtained circuit balance while still permitting 
strong random a.c. noise currents in the supply, it is sulTicient 
to introduce a series imjiedance Ri. as in FicaRE 2. Its a.c. 
resistance must be so large as to cause a voltage drop across 
it, rather than the multiplex feeding resistors WiRi and 
\V2R2. In Figure 2 this means that C2 must be dropped and 
Rl made adequately large. 

Summing this up: the use of multiplex powering in micro- 
phones, using the cable shield as the supply return, may 
always be used without concern if the d.c. supply current to 
the micro])hone is passed through an effective filtering 
circuit, and is connected through an adequately large un- 
bypassed series impedance. 

Both of these requirements are easily met in microphones 
for 48-volt lowering. The relatively high voltage and low 
power drain allows a series impedance Rl to be a pure re- 
sistance, while the filtering within the microphone may 
consist of a two stage r.c. filter using dry tantalytic capacitors 
of smallest dimensions. Should Ri. be replaced by a solid- 
state circuit which maintains constant current through it, 
then the supply voltage may even have poor regulation and 
hum filtering. 

In microphones using t2-volt multiplex powering, only a 
very small voltage drop is available for filtering! One must 
bear in mind that depending on microphone current con- 
sumption, as much as 3.4 \ olts are dropped across the supply 
resistors Ri and Ra of Figl're 2. Therefore both the filtering 
and series impedance Rl must be accomplished by means of 
electronic circuits with numerous components, which (at 
best) will still produce a voltage drop of at least 1 volt. 

The \-oltage remaining, while still ade piate for the opera- 
tion of the microphone, produces problems as far as optimiz- 
ing the circuit with regard to overload and self-noise level. 
In practice, therefore, one will be hard pressed to allow dis- 
turbances caused by induced currents in the cable shield, 
rather than to adversely affect the principal operating 
parameters of the microphone's transmission chracteristics. 

The agreeable advantage of being able to utilize existing 
supply voltages for the 12-volt multiplex powering system is 
therefore accompanied b\' the need for complicated and 
bulky circuits as well as greater susceptibility to noise inter- 
ference. Only after a considerable amount of practical 
experience will it be ascertained which advantages and dis- 
a<lvantages will turn out to play a key part and which will 
take on subordinate roles and thus be negligible. ■ 
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A Multi-Speed Capstan Drive 

System 

H. VAN DER WAL 

The author describes the design of a capstan 

drive system for an audio tape recorder 
that permits variable speed drive. It will be 
available later this year in both stereo and 
mono configurations. 



THE CHOICE of a driving s\ steni for an audio-recorder 
depends on the demands made on it. The following 
factors should be considered: wow and flutter, re- 
action to abruptly changing loads, ability to be 
switched for various s]iecds, sui>i)l\' as regards an external 
reference, and synchronisation during playback by means 
of a signal recorded on tayx. 

Wow and flutter require no detailed explanation. 
Reaction to abrupt changes in load is one of the things to 
be considered in coupling the tajic to the capstan by means 
of the rubber pressure roller. The switching phenomena must 
then be short and damped. This sort of small shock-loads can 
also occur on tape joints etc. 

The ability to switch to various siiettls naturally de])ends 
on the demands whicli are maile on the recorder, but a 
tendency towards three or more sjieeds is noticeable, all the 
more so as, thanks to the new tapes, such as chromium di- 
oxide (CrOo) t&YX. professional quality can be achieved at a 
s]ieed of 3^ in. /sec. as well. For cojiying purposes speeds 
above IS in. /sec. are desirable. 

The drive system of the tape using an external reference 



//. van der Wal is with llie Eleclro-Acouslics Division of Philips 
in Eindoven, Netherlands. 



is all the more important where one cannot be sure of the a.c. 
frequency or where it is desired to var^' the tajje speed 
arbitrarily. 

Synchronisation by means of a pilot tone recorded on a 
tape is of interest if synchronism between picture and sound 
is the aim. 

For the purposes mentioned a choice can be made from a 
number of s\ stems. The most commonly used is still the 
synchronous motor, supjilied directly from the mains. The 
external reference frequency is a mains frequency and cannot 
be varied. The range of sjwed and, above all, also the switch- 
ing phenomena (oscillations) leaves much to be desired. If 
the s> nchronous motor is fed through an amplilier, the speed 
can at least be varied, and if special steps have been taken 
as regards the motor design, a large range of speeds can also 
be obtained. It is better to use a regulated system in which 
the capstan generates a signal which can be compared in 
frequency and preferably also in phase with a reference signal. 
The control signal for the driving system is derived from the 
difference between both signals. For instrumentation re- 
corders a direct-current motor is often used. In this case, 
however, use is made of an asynchronous motor «'hich dri\-es 
the capstan. .\ jierforated disc with a photodiode and lamp 
for generating the comjiarison signal and a disc, acted upon 
by a magnet to give the effect of a Foucault brake, are 
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iiiountt'd on the cajistan. This magnet is used to control 
the system. 

In this case the capstan motor can he identical witli the 
winding motors and com])ared with tlie d.-c. motor tlic 
15<iwer dri\en is relatively small. The elements are shown in 
the block diagram of Figure I. These are the reference 
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Fisure 1 . The elements oF the capslan drive motor. 
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frequency; the fretjuency generated by the motor— the 
rcs7>ecti\'e s])ceds are decided Ijy the inter|)osition of dividers; 
The cotniMirison circuit, which is discussed below in greater 
detiiil; and the drive of the hrakc-magnct. with a number of 
corrections which is also to be dealt with in greater detail. 

The circuit which determines the dilTerence in freiiuency 
and |)hase between the two signals is shown in Figcrf. 2. 
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Figure !. The circuitry that determines the difference in frequency 
and phase between the two signals generated From the motor and the 
reference. 



This consists of a 4-position counter which, on receiving one 
signal, counts in the one direction and on receiving the other 
signal, counts in the other direction. The two end ijositions are 
fixed. 

The signal at the oiitinit of the comparison circuit will there- 
fore be as shown in Figl're 3. 




_r 



Figure 3. This is the signal that will be seen at the output oF the 
comparison circuit. At (a) it is loo slow; at (b) the same speed; and 
at (c) loo Fast. 
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Figure 5. When a control system is indicated in this way in a block 
diagram, the included Formulae apply. 
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Figure 6. G is normally plotted in a Nyquist diagrami 
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Figure 7. The AE diagram oF Figure 6. 
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The widtli of tlii' piilsi- is a nieasiirc of tin- (litri-ri'in-f in 
phase. coiuiTting this signal into a Sinvtooth tlial is 
sampled at the peaks, a drive sif;iial is obtained for llie motor 
will) a maxiniiim fre(|iieiic\- range and niininiiiin phase sliill 
u 

of oiiK X n (■'^ee [-K-.rRi-; 4). 

uref 

Some i)hase curreetiiiits are »eeess;ir>- in the drive ampli- 
fiers, to assure stal»iht> nf the s\ stem. 'I'lie results are most 
sinipK- ilhislrated in i'liii Kii 5. 

Xornially ( (in I'lr.i Rn 5) is ijlolli-d in a .\y<|iiist tliagrani in 
vvliicli the normal design rriteriiin can ap|>ly that a eirele 
« ilh a ra<lius of must nut Ix- interseeti'd aromul the (mint. 
Tiiis means that in a diagram of A and (Figlki: 0). this 
must not lie outside a circle of niditis 1 around 0. The a<l- 
vantage of the A!" method is thai measuring can he done 
with a closed loop. 

The AK diagram (iMUfRi- 7) of the control s\-sicm dis- 
cussed here satislies the recitiirements as to stabilit>-. For 
comparison. I-'igcri-. S shows an Alvdiagram of an inslrn- 
mentation recorder in which the higher fre(|uem;ies (which 
are re(|nired here) stand out. 



I'inalK-. data tested for a tape recor<ler using this control 
s\'stem are shown. l-'narKic 'J shows the wow and liutter meas- 
ured al \arious speeds, and to tinish olT with, the starting 
phenomena compared with thi).-;e of a s> nciironons motor are 
illustrated in I'^ir.UKii 10. 
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Figure 9. Wow and flutter measured on the discussed ma- 
chine at various speeds. 
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Figure 8. An AE diagram of an instrumentation recorder. 
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Figure 10. The starting phenomena compared with those of a syn- 
chronous motor. 




Figure 11. Front and rear views of the Philips PRO 36 transport utilizing the capstan drive described in this article. 
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learing Loss and Audio 
Engineering 

W. DIXON WARD 

This is the second (and concluding) part of 
this article dealing with the state of knowledge 
existing with this controversial subject. 



DETERMINE YOUR OWN TTS 

The present thinking of several of us who are actively pur- 
suing research in this field is that a noise ex^wsure is dangerous 
if either 40 dU or more of TTSj is produced, or the ear has 
not fullj- recovered from TTS by the next morning, but 
instead is re-exposed while still fatigued. Generally, though 
not always, these two synii>tonis go together. That is, if 
the 'ITS for a given ear exceeds 40 dH, then full recovery 
usually requires at least three or four days. 1 lowcver, under 
some conditions, especially for spaced intermittent exposures, 
the TTSa at the end of the day may be as little as 20 dU and 
yet reiiuire more than overnight for full rccoven,-. 

The best method, then, for determining if a noise is danger- 
ous to yoj( is to measure the TTS it produces. The lirst prob- 
lem is to obtain a resting threshold measurement at 1, 2, 
3, 4, and 6 kllz as free from temporarv' losses as ixjssihie. The 
time to do this is early on Monda>' morning, preferably after a 
2- or 3-week vacation — assuming, of course, that you lia\'e not 
been cutting your year's supply of firewood with a chain saw, 
driving a racing auto, shooting a lot of skeet, or the like, 
during your vacation. Then measure the thresholds at these 
same freiiuencies at the end of the day to establish the initial 
TTS, and on the following morning as well. If more than 5 dB 
of TTS remains after the 16 hours of rest, then such exposures, 
if repeated day after daj', are hazardous and a reduction in 
exposure is called for. 

A commercial audiometer, while desirable, is not essential, 
since only relative, not absolute, values of your hearing sensi- 
tivity are called for. The main requirements are an oscillator, 
a voltmeter, a 100-dB attenuator, and an earphone that is not 
going to be used for any other purpose — and a quiet place. 



tr. Dixon Ward is Professor, Department of Otolarngology and 
also in the Department of Speech Science, Pathology, and 
Audiology — a joint appointment — at the University of 
Minnesota. He is a Fellow of the Acoustical Society of America, 
and the American Speech and Hearing Association. He also 
finds time to be a member of the executive council of the NAS- 
NRC-sponsored Committee on Hearing, Bioacoustics, and Bio- 
mechanics iCHABA) and chairman of its Subcommittee 
damage-risk criteria. 



Usually, since the ear is most sensitive to frequencies from 
2 to 4 kHz, both tem]X)rary and permanent hearing losses 
first develop at 3, 4, or 6 kHz, and any reasonable studio will 
offer an ambient noise level well below what is necessary he- 
fore tones at these frequencies begin to be masked. 

The oscillator is set first at 1000 Hz, and the attenuator 
set at 10 or 20 dB. Then the signal voltage delivered to the 
attenuator is adjusted, by means of the gain control on the 
oscillator, to gi\'c some value (which you record) that pro- 
duces a moderately loud tone (moderately loud will probably 
turn out to be about 80 dB SPL, although the absolute value 
is not important here). Xext, with the tone in, say, the right 
ear, adjust the attenuator to where the tone is just barely 
audible. Record the attenuation value, and then repeat the 
process for 2, 3, 4, and 6 kHz; a reversing the headset will 
allow >'ou to test the left ear in a similar fashion. 

Then in the afternoon and the following morning, again 
set the oscillator to 1000 Hz and the voltage to the same value 
as before, and repeat the measurements. If a dilTerence of 25 
dB at any frequency is found in the afternoon or if a difference 
of 10 dB persists after an overnight rest, the noise exposure is 
probably dangerous, and should be materially reduced. 

Don't worry about a change of only 5 dB. You can't get 
the earphones on your head exactly the same every time, so 
either an increase or decrease of this small a value probably 
does not indicate any change in your sensitivity. The 
reliability of your measurements can be increased somewhat 
by making three or four adjustments, removing and replacing 
the earphones between trials. 

PRE-EXISTING HEARING LOSSES 

If you find a large (30 dB or greater) difference between your 
Monday-morning attenuator settings for 1000 Hz and 4000 
Hz, or between 1000 Hz and 6000 Hz, this indicates that you 
already have some hearing loss at the higher frequency. This 
shouldn't worry you much, because such high-frequency 
tonal gaps are rather common even among persons with no 
history of exposure to industrial noise, and could have 
happened years and years ago (gunfire or firecrackers are 
likely suspects as the cause). You may be surprised to dis- 
cover this loss, because you ne\-er had any trouble hearing 
anything before (except, occasionally, your wife, and this 
affliction appears unrelated to auditory ability anyway), 
but fortunately 4000 Hz is not necessar\' for the percqition of 
speech, and that explains why the deficiency failed to be 
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noticed. I recall linw astonished I was to liiul a 60 dH lois at 
60()0 Hz in iiiy right ear wlien I first got hold of an audio- 
meter. 

If yoii do liave sueU a pre-existing loss, however. I would 
suggest that you be even more careful llian usual al>oul high- 
level exposure in the future. Although there is no e\idence 
that the ear with a loss from unknown ratise.^ is more sus- 
ceptihle to further injury than any other ear, you can't alTord 
to take a chance, because aiu- further increasi' in loss, to the 
[loinl at which ,?000 and 2000 Ilz are arfecti\'l, will begin to 
reduce \our ability to understand ordinary conversation. 

IS MUSIC DANGEROUS? 

I wish I could estimate the probabilitx- that you will tiiul 
your noise exiwsure to be hazardous, rnfortimalely, how- 
ever, I cannot. lo my knowledge, no one has e\er s\ste- 
nialically studied either the noise exposures or the hearing 
scnsitivitx of audio engineers. It is certaiit that rock-and- 
roll ntusic in silii cat) reach jieaks of 110 dU.\. and that an 
average level of 105 dBA is sometimes sustained for a minute 
or two. 5 If it were not for the intermitteiicy of most ex- 
posures to this kind of noise, considerable hearing loss would 
be expected among those exjio^ed to this iiuisic. However, 
audionictrie studies of rock musicians ha\e so far shown an 
iui klence of hearing loss not much greater than in the general 
population, and then ordinarily only in tho.se who admit 
doing a lot of shooting. So the interniittenrv is indeed im- 
portant, although as we ha\e seen there is no agreement 
among the experts as to limv important. 

Classical music in an tinainplilied form at any rate —is 
known iiol to be a problem. An audiometrir sttrvev of all the 



musicians in three sym])lion\- orchestras' showed no greater 
incidence of lo.ss than in the average [Xipulation. except that 
nine violinists had unilateral tosses (in the left car: the ear 
held next to their own violins). So if you i>lay classical music 
no louder than in real life, it is not likel\- to be at all dangerous. 

One final comment should be made. Recording engineers 
do have one problem that is relatively uni()ue: that of pre- 
serving hearing for the highest fre()uencies i-e. tho.se above 
8000 Ilz. which is the highest fref|iience ordinarily tested with 
a commercial audiometer. While it is true that onl\- fre- 
(|ueucies up to 3001) Hz are necess;ir\- for speech perception, 
the entire auditory range up to 20 kHz is deemed inijwrtant 
in the field of high fidelit\-. I'he detection of high-frequency 
distortion, s<|ueals or hiss in tapes and discs demand good 
sensiti\it\- at high fre:|uencies. It might be worth the elTort, 
therefore, to kee]) track of your hearing at 8, 10, 1.? and 16 
kHz in addition to the frequencies recommended earlier. 
At these frequencies, however, the test-retest \-ariabilit\' flue 
to headphone i)la''emeMt will be (juite large, so even apparent 
shifts of 10 (IB ma\- not be real; repeated testing (removing 
and replacing the ear])hones) is e\en more essential here. At 
present, little is known about the susceptibility of the average 
ear to hearing loss at these high frequencies, anrl an\' data 
that acc.umidates will l>e welcoine. 



. 1", iXois-'Iiiiluced 
.-\rch. ( )tolaryngol.. 



5. Uintelniann, W. and Boru.s. 
Hmriii)> Loss mid Rnck ami Roll .\fiis:< 
vol. SS. pp. 377-,«.S. Oct. 1*>68. 

6. Klach. -M. and .AscholT. I-!., /.iir I'rag? beriifsbedingter 
StliKcrliorigk^il hcim Miisikcr. Zschr. I.ar\ ngnl. Rhiiiol. Otol.. 

vol, 4.i, lip. .v).=;-6(),=;. vm. ■ 



Neve 

SOUND 

CONTROL 

EQUIPMENT 

styled to 
the needs of 
modern 
studios 



B.C.M. 10 




The Neve BCm 10 2 marks a new departure into tKe field of sophisticated audio control. It embodies ten full mixing 
input channels and two output groups and is conveniently transportable. 

Facilities are included for echo, studio foldback and talk back cammunication^ stereo monitor'ng, cjeing and D.J. 
"combo" working. 

All signal inputs and outputs are on LR connectors at the rear. Thus the BCM 10 2 provides for every possible 
requirements within its class. It is competitively priced and available for quick delivery. Full specifications will ba 
sent gladly on request. 



Telephone 076 386 776 (Ten lines) Tebx 81381 



Rupert Neve & Co. Ltd. Cambridge House, Melbourn, Royston, Herts. 



Circle on Reader Service Card 
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Picture Gallery — 
AB 48th Convention 



WHicx THERE ARK OVER a liiiii (Iri'd iiiul fifty ex- 
hiliilors sjireaui anniiul tlu' o\hii)ilioii halls of 
Cliicatio's massive Hilton lldti-l, and only four 
(lays to sfc tlicni. it is a busy time indeed. This 
year's convention aitd exhibition was held front Ai)ril 5-8. 
Just as 111 years past, the time was hardly cnounh for us to see 
all we wanted to. much less push our cameras everywhere 
the\- outiht to have gone. 

What follows then is onl\- a stimpliii>; of the eciui])nient on 
display that might he of interest to dl) readers. Ivach of the 
|)hoto);rai)hs has a Reader Service .Numher which can he 
circled on the post card homid into this issue to secure de- 
tailed information directK- from the appropriate manufac- 
turer. 

Ji:st as was the case last \ear, the treiKl to automated 
l)roadcast continues to ex]Ktn<!. A variety of complete station 
or sub-station setups can be had from several manufacturers. 
In addition, we observed continuing so]>histication of existing 
ec|uii)nient, iKirliciilarK- broa<lcast console.^ — -many eejuiiJiied 
for stere<). many others equipped for multi-channel outpitt 
and jiortahility. There even was console eijuiijment for four- 
channel origination (when that conies). 

It should be underst(«Hl that oitr i)ictiires only show a 
sampling of what the re])resent(.H! niamifacturers offer. It 
can be assimied that if one console or micro])lione is shown, 
there are others to cover a wide variety of apiilications. 

www.americanracliohistorv.com 



On this page — candid views around the exliibitiou halls. 
The following iwo p^m's present some of rtie ecinipineni . If 
you desire specilic inforniaiion on the equipment shown, 
simply circle the reailer service miniber thai is appropriate 
on the caul lionnd into this issiif. ^'o^l will receive the in- 
formation directly from tlie mainifacriirer. 





Philips Hroiulcast KqiiipnuMit hroiiglit lliis partablo 
4-cluiniiel in iiiixcr. Circle M mi Readi-r St i rice Card. 




Hroadcast Flectronii-;> Spormastt-i Svstenis tape cartrid^f 
iiiiii liiius. Ciicic 51 oil Keader SL-rvice Card. 




CMS Laboratories lia\e a iicu' iliiii-lipie vi-rsioii of thuii 
\'oluiiui\ loiichiess ctimi-oik'r. Ciiclc 5.? on keatk-r Service 
Cai-d. 




Gotham Audio lia'; ilie iicu- \Z\\T l.S^i'D.M that Isatoiicea 
liiiiiiiT. compressor, and ex|)aii(ler. Circle 5S nii Reader 
Service Card. 




AK(;, division of North American Philips =li(nvc<l its 
inicni|ilniiie.~. Including the D202 (Kiianiic. Circle hi on 
F^^earler .'^erx Ice Card. 




(Collins Radio lias a ne-w coafol console. iiKxiel 21 J|. Circle 
55 on Reader Service Card. 




Gray Research <lisplayed tiiinlalile nio<lel 1012. in their 
line of disc plaj Nack gear. Circle 59 on Keadei Ser\ ice Card. 




(iates Radio showed innch, Inclndint; tlie Ciiierion 80 line 
of carcrlJt;e niaclilnes. Circle 57 on Reader Ser\ice Card, 
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Fairchiltl Sound Kquipinetit hioiiglii a fiiuciloniiig dis 
play l)C)nid of the liilcgra II consok' coiii[X)nems. Circle 56 
on Reader Service Car<l. 




McCiirdy Kadio Industries featured a imili i cliaiuiel new 
console. <lesiniiaied as model SS5200, Circle 6(t cn Reader 
Sen-ice Card. 



ff 



Nortronics displayed this ta|)e head group; also a head 
cleanei- liquid. Circle 64 on Reader Serv ice Card. 




Schafer Klectronic* had a coinplere workiiiR broadcast 
aiitoinalion s\sleni. Circle 65 on Reader Set vice Card. 




Shure Brothers has the .M6,^ Audio Master uit:li separate 
btass and treble cotitrol an<l turnover. Circle 66 on Reader 
Service Card. 




Tape-.\tlion sh<)\ve<l a new 'j itich tape two-nack recorder, 
as well as theii log;,'iiig iiiachiiies. Circle 61 oti Reader Service 
Card. 



Tapecaster TCM have ilie 7dl)R I > record play tape cariri<lge 
ii.acliiiie. Circle 67 on Re.idcr Service Card. 




Wilkinson Electronics set nj) this cotnijact TSC-4 console 
wirli desk. Ciicle 68 on Reader Service Card. 



a. 



LO 
It) 
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The db 



Book 



ooKcase 



At a service to our readers we are pleased 
to offer these books from promir\ent teeh- 
nical publishers. All prices listed are the 
publishers' net. Shippir\g charges are 
irteluded. 

Ose the coupon at the bottom of the page 
or give the complete title, author and coupon 
number. Be sure to indicate quantity on the 
special instructions line if more than one 
copy of a title is wanted. Full payment must 
accompany your order. We cannot ship 
c.o.d. Checks or money orders should be 
made payable to Sagamore Publishing Com- 
pany, Inc. Because of the time required to 
process orders, allow several weeks for the 
receipt of boo fa. 



Broadcasting 

RADIO BROADCASTING 

edited by Robert L. Milliard. Each of the five 
chapters has been written by a prominent 
educator with an extensive background of 
practical experience in commercial and edu- 
cational broadcasting The areas covered in- 
clude: management and programming, oper- 
ating and studio facilities, producing and di- 
recting, writing, performing. For those of you 
who want to, or must, operate on both sides 
of the control room, this is virtually required 
reading. 190 pages; 614 x 9}^; indexed) 
clothbound. 

$6.95 ($8.35 in Canada) 
Circle S on Coupon Below 

Reference 

HANDBOOK OF ELECTRONIC TABLES 
& FORMULAS, (3rd Edition) 

A one-stop source for all charts, tables, for- 
mulas, laws, symbols, and standards used in 
electronics. Devotes complete sections to 
items of interest to service technicians and to 
circuit design data. Includes a 8-page, full- 
color fold-out chart showing latest FCC allo- 
cations for the entire frequency spectrum. 
232 pages; 5J^ x QH, hardbound. 
$5.50 ($6.60 in Canada) 
Circle 8 on Coupon Below 



How To 

PRACTICAL PA GUIDEBOOK: HOW 
TO INSTALL, OPERATE AND SERVICE 
PUBLIC ADDRESS SYSTEMS 

by Norman H, Crowhurst. J967. This book 
gives all the basics needed to become a suc- 
cessful PA operator, in any situation where 
the reinforcement, relay, or distribution of 
sound can provide a service. It shows how to 
properly install, operate and service public 
address systems. All aspects of the subject, 
from survey to the selection of appropriate 
equipment, to installation, to routine opera- 
tion and the maintenance of a finished sys- 
tem, are covered. Attention is given to solv- 
ing problems encountered in providing suc- 
cessful service. The book's systematic and 
practical approach makes it highly useful to 
radio-TV servicemen, hobbyists, and PA 
equipment manufacturers. 136 pages; 6 x 9; 
illus; softbound. 
S3.95 (S4.60 in Canada) 
Circle 1 5 on Coupon Below 



Test and Maintenance 

INTERMODULATION AND 
HARMONIC DISTORTION 
HANDBOOK 

by Howard M. Tremaine. A complete refer- 
ence guidebook on audio signal intermodu- 
lation and harmonic distortion. 17S pages; 
5 X 8J^; softbound. 
$4.25 ($5.25 in Canada) 
Circle 9 on Coupon Below 



ACOUSTICAL TESTS 
AND MEASUREMENTS 

by Don Davis. Provides a solid understand- 
ing of the entire subject of acoustical meas- 
urements; based on actual field test work, 
using commercial equipment. Contains prac- 
tical, time-saving solutions to actual problems 
encountered in the Reld; minimum math is re- 
quired for understanding. The author is an 
expert in this Reld, and an authority on audi- 
torium acoustics. An invaluable book for 
phone company special service engineers, 
plant maintenance engineers, communica- 
tions engineers, noise control specialists, ar- 
chitectural engineers, broadcast engineers 
and technicians, hi-fi fans and students. 192 
pages; SVix 8j^; hardbound. 
$6.95 ($8.35 in Canada) 
Circle 7 on Coupon Below 



I Sasamoic Publishing Company, Inc. 

i 980 Old Country Road, Plainvlcw, N.Y. 1 1 803 

I Please send me the books I have circled below. My full remittance in the amount 

I of $ is enclosed. N.V. State residents add 5% sales tax. 

I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

! 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 



Name 

Street Address. ... 

City 

Special Instructions. 



■ State. 



.Zip. 



General Audio 

THE TECHNIQUE OF 
THE SOUND STUDIO 

by Alec Nisbett. This is a handbook on radio 
and recording techniques, but the principles 
described are equally applicable to film and 
television sound It describes how the high- 
est standards may be achieved not only in 
the elaborately equipped studio but also 
with simple equipment out on location. S64 
pages; 60 diagrams; glossary; indexed; 
X 8H; clothbound. 
$10.50 ($11.95 in Canada) 
Ciiele 1 on Coupon Below 



PASSIVE AUDIO NETWORK DESIGN 

by Howard M. Tremaine. A complete and 
comprehensive guide to the design, con- 
struction, and testing of all types of attenu- 
ators, equalizers, and wave filters for the 
practicing audio technician or engineer. This 
authoritative text is one of the few written 
on the subject, and requires only nominal 
mathematical background. Written in easy- 
to-understand language, the content presents 
the basic design, construction, and testing 
considerations without the confusion often 
associated with passive networks. 288 pages; 

X 8)^j softbound. 
$5.50 ($6.45 in Canada) 
Circle 5 on Coupon Below 



THE AUDIO CYCLOPEDIA 
(2nd EDITION) 

by Dr. Howard M. Tremaine. New and 
updated, here is the complete audio refer- 
ence library in a single volume. It provides 
the most comprehensive information on 
every aspect of the audio art. This new 
edition includes the latest audio develop- 
ments including the most recent solid-state 
systems and integrated circuits. It covers all 
subjects in the fields of acoustics, recording, 
and reproduction with more than 3400 
related topics. Each topic can be instantly 
located by a unique index and reference 
system. More than 1600 illustrations and 
schematics help make complicated topics 
masterpieces of clarity. 1760 pages; d'/j x 
9-3/8; hardbound. 
$29.95 ($35.95 in Canada) 
Circle 20 on Coupon Below 



ACOUSTICS— ROOM DESIGN 
AND NOISE CONTROL 

by Michael Rettinger. 1968. The enormous 
problems and hazards presented by noise 
are dealt within an orderly and practical 
manner. With many charts, graphs, and 
practical examples, the text covers the 
physics of sound, room acoustics, and de- 
sign, noise and noise reduction. The author's 
many years of experience in the field and 
extensive knowledge (set down in two 
earlier books on acoustics) make this work 
a boon to architects, builders, designers, 
planners, and engineers. 392 pages; hard- 
bound. 

$17.50 ($20.90 In Canada) 
Circle 21 on Coupon Below 
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Classifiec 



Closing date is the fifteenth of the second 
month preceding the date of issue. Send 
copy to: 

Classified Ad Dept. 
db 

THESOUND ENGINEERING MAGAZINE 
980 Old Country Road 
Plainvlew, New York 11803 

Rates are 50c a word for commercial adver- 
tisements. Non-commercial and employment 
offered or wanted placements are accepted 
at 25c per word. 



Circuitry and Components 

TRANSISTORS FOR AUDIO 
FREQUENCY (AUDIO-FREQUENCY 
AMPLIFICATION) 

by Guy Fontaine. 1967. This systematic and 
detailed treatment of the application of tran- 
sistors In audio-frequency amplifiers shows 
how the published transistor characteristics 
are related to the principles of design. To as- 
lure clarity, the figures are rendered In sev- 
eral colors and placed opposite the related 
text. Simple equations reinforce the lucid ap- 
proach. An ideal textbook or reference on the 
subject for engineers and advanced techni- 
cians. 384 pagesj 5J4 x 8; illus.j clothbound. 
S7.95 (S9.55 in Canada) 
Circle 1 2 on Coupon Below 

New 1 7th Edition of the famous 
RADIO HANDBOOK 

Tells how to design, build and operate the 
latest types of amateur transmitters, receiv- 
ers, transceivers, amplifiers and test equip- 
ment. Provides extensive, simplified theory 
on practically every phase of radio. Broad 
coverage; all original data, up to date, com- 
plete. 847 pages. 
S12.95 ($15.50 in Canada) 
Circle 10 on Coupon Below 

DESIGN OF LOW-NOISE 
TRANSISTOR INPUT CIRCUITS 

by mHiam A. Rheinfelder. 1964. Written 
for students as well as circuit design engi- 
neers interested in low-noise circuit design. 
Throughout, the book gives a multitude of 
time-saving graphs and design curves for the 
practical circuit designer. Simple derivations 
of all important formulas are also presented 
to help the reader obtain a deeper insight 
into the fundamentals of practical low-noisc 
design 128 pages; 6x9; illus.; clothbound 
S5.50 (S6.50 in Canada) 
Circle 14 on Coupon Below 

CLOSED-CIRCUIT 
TELEVISION HANDBOOK 
by Leon Wortman. Gives comprehensive 
detailed information about the field in an 
easy-to-urderstand presentation. It's par- 
ticularly suited to those who plan to use, 
install, and service cctv. Covers the subject 
from the simple single-camera system to the 
most exotic systems. 288 pages; SVs x 814; 
clothbound. 

S5.95 ($6.75 in Canada) 
Circle 18 on Coupon Below 



Electronic Music 

ELECTRONIC MUSICAL INSTRUMENTS 
by Richard H. Dorf. Now in its third edition 
and sixth printing since its first appearance 
In 1954, this is considered the authority on 
electronic organs. This edition is completely 
rewritten to explain everything technical 
about today's organs. The book is of special 
value to organ designers and service tech- 
nicians as well as electronics-minded hobby- 
ists and prospective organ purchasers. Of 
special value are the author's many practical 
comments and expressions of opinion based 
on his years of musical, engineering, and 
management experience with electronic 
musical instruments. 393 pages; 239 dia- 
grams and photographs. 
SI 0.00 ($11. 95 in Canada) 
Circle 19 on Coupon Below 



FOR SALE 



SCULLY TAPE RECORDERS — one to 
twenty-four track and model 270 auto players, 
many models in stock for immediate delivery. 
SCULLY LATHES — Previously owned and 
rebuilt. Variable or automatic pitch. Com- 
plete cutting systems with Westrex heads. 
MIXING CONSOLES — Custom designed 
using Wiegand Audio Lab modules. From 
$7,000.00. WIegand Audio Laboratories, 
340S Windsor Road, Wall, New Jersey 
07719. Phone: 201 681-6443. 



SOLID-STATE AUDIO PLUG-IN OCTAL 
(1" Dia X 2" H) modules. Mic preamps, disc 
& tape preamp-equalizers, tape bias osc. & 
record ampl., power amps & power sup- 
plies. Send For free catalog and audio ap- 
plications. Opamp Labs., 172 So. Alta 
Vista Blvd., Los Angeles, California 90036. 

MODULES FOR ALL TYPES of applica- 
tions. Discrete to thick film IC devices. Pre- 
amplifiers to power amplifiers. New Catalog 
with schematics, $1.00. PM Electronics, 
Inc., Box 46204, Seattle, Waslilngton 
98146. 

1 INCH SCOTCH (1 ROB-10 r2M) 
empty NAB reels and boxes. New, un- 
opened, cartons of 5; $3.20 per reel. Cash, 
money order, check. Minimum order 10 
reels prepaid. Sample, prepaid: $4.20. 
Picture free on request. Helffrlch Recording 
Labs., R.D. #2, Allentown, Pa. 18103. 

BRUEL AND KJOER MODEL 2304 Graphic 
Level Recorder. Teleplione (21 3)456-891 7. 



SONY C-22, C-37 condenser micro- 
phones; $65.00 and $245.00 new. Shure 
SM microphones 30% off-new. Bob Heil, 
201 Main Street, Marlssa, lllinolt 62257. 

AMPEX 440-8-C 8 track recorder less than 
100 hours of use: $9990.00. Ampex 
440-2-C two track recorder like new with 
extra 1/4 track play head: $2600.00. Ampex 
300-2-C excellent condition: $2200.00. 
Contact: Joseph D. Tarsia, 212 North 12th 
Street, Philadelphia, Pennsylvania, Pennsyl- 
vania 19107. (215) 561-3660. 

CONSOLES: Complete solid-state con- 
soles custom built your specifications or ours. 
2 channels, complete with switching, under 
$2000.00. Repair or updating of your old 
console available. Call or write for estimate. 
Calvert Electronics, 191 Calvert Blvd., 
Tonawanda, N. Y. 14150 (716) 692-7480. 



EMPLOYMENT 



PROFESSIONAL RECORDING PERSON- 
NEL SPECIALISTS. A service for employ, 
ers and job seekers. Call today! Smith's 
Personnel Service, 1457 Broadway, N.Y.C. 
10036. Alayne Spertell 212 Wl 7-3806. 

CHIEF ENGINEER. Everything from live 
multi-track sessions to stereo disc mastering. 
Salary open. Contact Ward Botsford, Caed- 
mon Records, 505 8th Avenue, New York, 
N. Y. 10018, (212) 594-3122. 
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People, Places, Happenings 



• Calvin College aii<l Bolt Beranek 
and Newman lla^•e jointly sponsoretl 
a visual and ix'rforniiiif; arts conference 
to be lield August vV7. The conference 
will he held at the Calvin College Fine 
Arts Center in Granil Rapids, Michi- 
gan. Speakers include Donald Irving, 
director of the School of the Chicago 
Arts Institute; Ilelge Westerniann, 
architect. I'ictro Helluschi and Cata- 
lano and Westerniann; George Hutch- 
inson, partner, Perkins and Will 
Partnership; and Peter Smith, di- 
rector, Hopkins Center, Dartmotith 
College. The Festival of the Arts will 
include art disi)la\ s, a program of film 
and video tapes, and an exhibition of 
models and j)hotographs of significant 
facilities for the arts. In addition, there 
will be performances of the Chicago 
and Detroit Symphony Orchestras, 
For further information contact R. 
Lawrence Kirkegaard, 1740 Ogden 
Ave., Downers Grove, Illinois 60.S15, 
(312) 969-6150. 



• General Radio, in cooperation with 
Bolt Beranek and Newman will 
conduct a three-day seminar on practi- 
cal techni(|ucs of product-noise reduc- 
tion. The seminar will be held in Clii- 
cago on August and will be lead by 
William Ihde of S V Engineering, 
acoustical consultant to General liadio, 
and George Kamperman, manager 
HnX-Chicago. Tuition for the entire 
three days is $200; registrants «ill be 
responsible for meals, lodging, and 
travel arrangements. C.encral Radio 
will make motel reservations for those 
who desire this. I'or additional informa- 
tion contact Tom Fricke, General 
Radio Company, 9440 West Foster 
Ave., Chicago, Hlinois, (.?12)992- 
0800. 



• CC.\ Electronics, manufacturers of 
products for broailcast and recording 
studio systems has aimounced the 
accpiisition of radio station WABY, 
in .Mbany, New York. The amount of 
cash was not disclosed and the aci|uisi- 
tion is subject to I'CC approval. In 
the announcement b\' Bernard Wise, 
CC,\ ]>resident, it was stated that this 
station and others to be sought in the 
future in a.\i, fm, and cvtv, will assist 
CC.\ in the tie\elopment and testing 
of its technical i)roducts in a way that 
can only be derived from "intimate 
ownership ri'S])onsibility," according 
to Mr. Wise. 




• Edward M. Tink, on the right, vice- 
president, engineering of the Black- 
hawk stations looks at a new Fairchild 
custom console designc<l for KWWL 
of \\ aterloo, Iowa. With him is George 
Alexandrovich v. -p. and chief engineer 
for Fairchild Sound l-'quipment Corp., 
(and db colunmist). The new console 
will be primarih' utilized as an operating 
console for K\\ \\'l,-.-\M and in addition 
uill provide certain control and moni- 
toring capabilities for KWWI.-FM's 
autoinatc<l facilities. The photo was 
taken at the .\.\H convention, where 
the Console was dis])layed. It was de- 
livered iinmcdiatelv after the conven- 





Stone 

• Paul A. Stone has joined Elpa 
Marketing Industries, Inc. as their 
high-tidelity division sales manager. 
He will be their juiniari- contact with 
their rejiresentalives and dealers. Be- 
fore IClpa, he was sales manager for the 
R. T. Bozak Mfg. Co. and earlier had 
been a i)r(Kiuct manager for Utah- 
American and a project engineer for 
the Heath Company. 




Turner 

• ;\n amiouiicement from Telex Com- 
munications Division indicates that 
Richard C. Turner has been named to 
the broadcast and industrial proiluct 
sales group of the ilivision. He will re- 
]K)rt to the division's sales manager 
Paid Bimker who said that Turner's 
extensive technical background will 
make a valuable addition to the sales 
staff. 1 le has been with Telex since 
1967 ill the ])roduct development engi- 
neering department. Prior to joining 
the comiiany he was with Honeywell 
working on military and commercial 
guidance systems; before that he was a 
customer service engineer for IBM 
Computer Systems in Chicago. 

Teac 



• Spectra-.Sonics has made an im- 
jxjrtaiit ex]i;uision move. Offices are 
now established in Hollywood, Cali- 
fornia to ])rovide conii)lete system de- 
sign ami sales jilus direct continuing 
engineering service to their clients. The 
manufacturing facility continues in 
Ogden. I'tah. This move into their 
l)rimary market area will offer con- 
sulting, design, and system engineering, 
coiuponcnl sales, and system sales/ 
engineering. Complete .system demon- 
stration facilities are included. In the 
photo, .\lbert V. Siniscal on the left, 
who heads the Hollywood office shows 
the new facility to Michael Lloyd, 
vice-president and director of a & r 
for MGM Records. In addition to the 
console (a model 1020-8) and other 
.Spectra-Sonics e(|uii)ment, other manu- 
facturer's sup]K)rt gear (recorders, turn- 
tables, etc.) are connected so tliat a feel 
for the equipment ma\' be had. Address 
of the facility is -Suite 1117, 
Sunset Blvd. in Hollywood. Demon- 
strations can I)c arranged by ap]X)int- 
ment. 

Cover I\' Circle 12 on Reader Service Card 
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QUALITY CONSOLES AT REALISTIC PRICES! 




QRK-S 
MONO PRE WIRED 
SYSTEM 

$1995 




0RK-5/5S Prewired Systems 

Reflects the epitome of quality to 
produce either a mono or stereo 
system capable of serving as either 
a local or remote studio or produc- 
^ tion facility. Incorporates the QRK-5 
(Mono) or QRK-5S (Stereo) console; 
(2) QRK12C Turntables with syn- 
chronous motors; (2) Rek-O Kut 
S-320 Stereo Tone Arms; (2) QRK 
F3 stereo cartridges; QRK Ultimate 
Preamplifiers; and substantial, pre- 
wired transportable furniture 




QRK-8 - 8 CHANNEL MONO ... $1695 
QRK-8S - 8 CHANNEL STEREO . . $2495 

QRK-8/8S - 8 Channel Console - QRK offers a 
professional console with Altec faders: piug in 
modules (3) pre amplifiers; built-in power supply; 
10 watt monitor amplifiers; independent audition 
and program channels; muting relays; cue ampli- 
fiers: built-m speaker; substantial capacity and 
ultimate access. 




QRK-5 - 5 CHANNEL MONO $995 

QRK-5S - 5 CHANNEL STEREO . . $ 1 595 

QRK-5/5S — 5 Channel Console — Both mono 
and stereo units incorporate Altec attenuators 
with cue switches in every fader. 10 watt moni- 
toring amplifiers, plug in modules, muting relays, 
and self contained power supply. The stereo unit, 
QRK.5S contains independent audition and pro- 
gram channels as well as a cue amplifier. Both 
consoles nave substantial capacity and total 
access. 



main office subsidiary division 

CCA ELECTRONICS CORPORATION QRK ELECTRONIC PRODUCTS INC. REK aKUT COMPANY, INC 

71B Jerte» Ave., Gloucester City. N. I. 08030 1568 N. Sierra Vista, Fr«no, CalK. 93703 tSSB N. Sierra Vista, Fresno, Calif 93703 

Phone: (EOS) 4S6-1716 Phone: (209) 25I-4H3 Phone: (209) 2S1-42t3 
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When it comes to building sound equipment fi'om the inside out, you could call us the 
component company. You see, we're one of the few tape deck manufacturers who make all 
our own critical components — from heads to motors and most of the electronics. 
After all, who knows better than we do what it takes to make a TEAC? 

For instance, our heads are hyperbolic, not conventionally I'ounded. This means more 
intimate tape contact, less tape tension, better sound repimluction. Hyperbolic heads are the 
shape of things to come -and the only kind we'd think of using. 

Meanwhile, we still buy outside parts for certain purposes. The ones we buy, 
we buy because they're the best. The ones we make, we make because they're the best. 

And most of the time, we've ^ot it made. --^ 



TEAC 




TE.\C Corjjoralion of America • UOOO Coloruilo Aveinio • Sunla Monica, California 9(M01 
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